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1 . I am Nimish Vakil, MD, FACP (Fellow of the American College of Physicians), 
FACG (Fellow of the American College of Gastroenterology). I am a certified, practicing 
physician, specializing in internal medicine and, in particular, in gastroenterology. 
Gastroenterology is a branch of medicine that treats disorders and diseases of the 
gastrointestinal tract (also called the digestive system). 

2. I received my MD. degree in internal medicine in 1982 from the University of 
Bombay (Seth G.S. Medical College), Bombay, India. From July 1983 to June 1985, I 
conducted my residency in internal medicine at New York Medical College Affiliated 
Hospitals, New York, New York. I received my certification from the American Boards 
of Internal Medicine in 1985. From July 1985 to June 1987, 1 conducted my fellowship 
in Gastroenterology at the Northwestern University School of Medicine, Chicago, 
Illinois. I received my certification from the American Boards of Gastroenterology in 
1987. 
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3. Besides being a certified physician who has treated patients since 1985, 1 have 
been a professor of medicine on the faculties of the University of Texas, Austin, Texas 
(Assistant Professor: 1987-1988); University of Rochester, Rochester, New York 
(Assistant Professor: 1988-1993); University of Wisconsin, Madison, Wisconsin (Clinical 
Associate Medicine: 1993-1997); University of Wisconsin Medical School, Madison, 
Wisconsin (Clinical Professor of Medicine: 1997 to the present); and the Marquette 
University College of Health Sciences, Milwaukee, Wisconsin (Clinical Associate 
Professor of Medicine: 2002 to the present) (dual appointment with the University of 
Wisconsin Medical School). 



4. I attach my Curriculum Vitae (CV) (Attachment 1). My CV recounts my 
educational and professional experience and associations. My CV also lists my many 
peer-reviewed publications; book chapters; invited papers/editorial; and national and 
international professional assignments in the field of internal medicine and 
gastroenterology, which well exceed 200 in number. Recently, I have been honored by 
an official invitation to author a key chapter on peptic ulcer disease for the upcoming 9 th 
Edition of Schlesinger and Fordtran's Gastrointestinal and Liver Disease 
(Pathophysiology/Diagnosis/Management), which is the leading textbook (the 
professional "bible") in the field of gastroenterology. 

5. An area of personal and professional interest, experience, and expertise for me as 
a physician and educator within the field of gastroenterology is in the treatment of the 
disease called gastroesophageal reflux disease (GERD). I have studied the medical 
literature and myself written extensively on the subject, having, since 2000, authored or 
co-authored over 30 publications directed to the pathophysiology, diagnosis, and 
management of GERD (these are listed in my CV). 

6. My personal and professional interest, experience, and expertise in this area are 
recognized by my colleagues. For example, in 2002, I was among twenty-eight 
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participants from ten countries who were selected on the basis of their interest, 
experience, and expertise in the treatment of GERD. We met in Marrakesh, Morocco 
during a two day international multidisciplinary workshop to critically review the data 
regarding the reliability, processes, and priorities for symptom evaluation in GERD 
patients, (see Dent, Armstrong, Delany, Moayyedi, Talley, Vakil, "Symptom Evaluation 
in Reflux Disease: Workshop Background, Processes, Terminology, Recommendations, 
and Discussion Outputs," Gut 2004; 53 (Suppl IV):ivl-iv24) (Attachment 12) . In 2002, 
I was also honored by the selection as chairman of an international consensus group of 
experts and family physicians selected on the basis of their "demonstrated 
knowledge/expertise in GERD by publication/research or participation in national or 
regional GERD consensus guidelines or an interest in guideline development and 
dissemination." Our aim was to develop the first ever global consensus definition of 
GERD (which came to be known as the "Montreal Definition") that could be used 
clinically by primary care physicians and that embraced the needs of physicians, patients, 
researchers, and regulatory bodies from different parts of the world, (see Vakil et al, 
"The Montreal Definition and Classification of Gastroesophageal Reflux Disease: A 
Global Evidence-Based Consensus," Am J Gastroenterology 2006: 101:1900-1920 
(Attachment 13); Flock, Jones, and Vakil, "Approach to Gastroesophageal Reflux 
Disease in Primary Care," Can Fam Physician 2008; 54:701-5) (Attachment 14). I was 
recently honored to be included among a faculty panel of eight physicians in a recent 
continuing medical education program sponsored by the American Gastroenterological 
Association to address "Improving the Management of GERD: Evidence-Based 
Therapeutic Strategies," supported by an unrestricted educational grant from Johnson & 
Johnson Merck Consumer Pharmaceuticals Co. I and my fellow panel members were 
identified as "practicing experts devoted to the investigation of and treatment of GERD 
and GERD-related illness." 

7. Due to my interest, experience, and expertise as a physician and educator in the 
field of gastroenterological disorders, I am asked to provide research support for 
companies who conduct research and development in the pharmacology field. 
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Companies that I have provided research support for include AstraZeneca; Novartis; 
Boston Scientific; Medtronic; Altana; XenoPort; AGI. Due to my experience and 
expertise as a physician and educator in the field of gastroenterological disorders, I am 
also asked from time to consult with companies in the pharmacology field, including 
AstraZeneca; Merck & Co.; Pfizer Limited; Axcan; Orexo; Novartis; Shire; TAP 
Pharmaceutical Products, Inc.; Janssen Pharmaceutica; Procter and Gamble; XenoPort; 
Ortho-McNeil; Meridian; and GlaxoSmithKline. In the interest of full disclosure, I also 
report that I personally own a small number of shares in the publically traded companies 
of Orexo and Meridian. 

8. I have been asked to comment about the discovery made Anders Pettersson, M.D., 
and his colleagues at Orexo in 2001-2002 of a method for the on demand treatment of 
symptoms of gastroesophageal reflux disease (GERD), of which I am personally familiar 
and have studied. The method co-administers in an oral dosage form a proton pump 
inhibitor or a salt thereof (PPI) and an H2 receptor antagonist or a salt thereof (H2RA). 
The PPI is coated, whereas the H2RA is not, to delay and/or extend the release of the PPI 
relative to the release of the H2RA in the gastro-intestinal tract. The oral dosage form is 
administered on demand - that is, when a patient experiences a GERD symptom - to 
deliver into the gastro-intestinal tract a dosage amount of the PPI (coated) simultaneously 
or concomitantly with a dosage amount of the H2RA (not coated). The co-administration 
of the coated PPI and the uncoated H2RA affects a rise of gastric pH to above about 3 
within about 2 hours of the administration. This dosage regime permits a repeat of the 
oral aarriinistration just described, on demand - based upon a subsequent occurrence of a 
GERD symptom- if necessary, over a prolonged period. In shorthand, I will refer to this 
discovery by Dr. Pettersson and his colleagues as the "Invention." 

9. I understand that the Invention is the subject of pending United States Patent 
Applications. I also understand that the United States Patent Office has taken the 
position to the effect that one of ordinary skill in the art would have been motivated by 
the teachings and suggestions of the published literature on the subject of treating GERD 
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with H2RA's or PPI's, to combine a H2RA and PPI in a single dose form for co- 
administration. I respectfully challenge this assessment, because it is inconsistent with 
what my colleagues and I in the field believed at a time prior to the Invention. The 
published literature on the subject of treating GERD did not teach the co-administration 
of H2RA with PPI. In fact, I believe the opposite is true. I believe the Invention is novel 
and not suggested by the prior published literature, and I will explain why. 

10. I will comment about the Invention from the perspective of a person who has 
spent over twenty years in the field of gastroenterology and related pharmacology. As 
the above summary of my background indicates, I am a person who has considerable 
interest, experience, and expertise in the physiology of gastric secretion in the human 
stomach, the physiology of GERD, and the pharmacology of the drugs that have been 
used to treat the disease in the years prior to the Invention. As a professor, I teach others 
in these matters at medical schools. As a medical doctor, I have myself authored many 
peer-reviewed articles on these matters, and I have read many peer-reviewed articles and 
textbooks written by my colleagues. I regularly attend (and I am honored to sometimes 
chair) professional conferences where these matters are openly discussed and debated 
among my fellow doctors and scientists. This is the way professionals in my field share 
our scientific and clinical interests, experiences, and expertise pertaining to GERD and its 
treatment. I think these traits characterize professionals like me and my colleagues who 
practice in the field of gastroenterology and related pharmacology, so when I speak for 
myself, I am speaking for my colleagues in general. 

1 1. When I first learned about the Invention, I was skeptical about its scientific and 
medical efficacy. From the perspective of my background, expertise, and experience at 
the time, the co-administration of H2RA and PPI simultaneously or concomitantly made 
no scientific or pharmacological sense to me. To me and others in my field, the co- 
administration of H2RA and PPI simultaneously or concomitantly was at that time 
scientifically and clinically illogical, and it could also be a disservice to a human patient. 
I will in this Declaration explain why my colleagues and I thought this way, because it is 
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important to gain an understanding and appreciation of our view of the nature of the 
Invention. 

12. I have studied the scientific and clinical efficacy of the Invention. It is my 
opinion now that the Invention qualifies as a scientific and clinical "breakthrough" in the 
sense that it changes the way that my colleagues and I in the field had, prior to the 
Invention, thought about the pharmacology of drugs like H2RA's and PPI's and their 
physiologic effects on acid secretion in the stomach in the treatment of GERD. Before 
the Invention, my colleagues and I believed that it was never appropriate to co-administer 
a H2RA and PPI simultaneously or concomitantly. Further, at that time, my colleagues 
and I were confident that we had the requisite logical, scientific, and medical reasons to 
back-up our beliefs in this respect. The Invention has challenged us to rethink our beliefs 
on the subject 

13. To appreciate our view of the Invention, one must look through the eyes of a 
person like me, at a time prior to the Invention, to understand how at the time we treated 
GERD (as I will describe in greater detail in paragraphs 14 to 26 infra), and to understand 
what my colleagues and I believed at the time about the biochemical cellular mechanism 
which generates and secretes gastric acid in the stomach (as I will describe in greater 
detail in paragraphs 27 to 34 infra), and to understand what we at that time believed 
H2RA's did to interrupt this mechanism in the treatment of GERD (as I will describe in 
greater detail in paragraph 35 infra), and to understand what we at that time believed at 
that time PPI's did to interrupt this mechanism in the treatment of GERD (as I will 
describe in greater detail in paragraphs 36 and 37 infra) - and then one will understand 
why, at the time, the co-administration of H2RA and PPI simultaneously or 
concomitantly in the treatment of GERD made no scientific sense to us, and why we 
believed it could be a disservice to humans (as I will describe in greater detail in 
paragraphs 38 to 43 infra). 
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14. As a physician, I am professionally and ethically motivated to identify and use the 
best available treatment options for dealing with the symptoms of GERD. I have studied 
and written about these symptoms and the profound effects that they have on the quality 
of life of people with GERD (see American Jownal of Gastroenterology, Vol. 96, No. 2, 
2001. pp. 303-314, accepted for publication October 6, 2000) (Attachment 2). I have 
written: "In general, patients with GERD experience more pain and greater impairment in 
social functioning and emotional well-being than patients with other chronic diseases 
such as diabetes and hypertension." I have also written: "Successful treatment led to 
marked improvement in the quality of life." (p.309). 

15. I have also studied and written about the pharmacological treatment options that 
were available to me to treat my GERD patents in 2000. These included (i) antacids; (ii) 
H2RA's; and (iii) PPI's. (see American Journal of Gastroenterology, Vol. 96, No. 2, 
2001. pp. 309) (Attachment 2). My colleagues and I in the field knew at that time (and 
today) that antacids, H2RA's, and PPI's are distinctively different pharmaceutical agents. 
They work in distinctively different ways. An antacid is, by legal and scientific 
definition, not an H2RA or a PPI, and vice versa. 

16. Antacids are merely weak bases - such as sodium bicarbonate, magnesium 
hydroxide, or aluminum hydroxide (Rolaids® or TUMS®) - that chemically react with 
gastric acid in the stomach after it is secreted (illustrated in Figure 10 infra). What 
constitutes (and, conversely what does not constitute) an antacid was well known and 
identified at that time, both chemically and legally by the FDA. Substances that were 
recognized by persons of skill in the art at that time to be antacids were listed in Title 21 
U.S.C. § 331.11 (Food and Drugs) (1974) (Attachment 3). Antacids do control the 
effects of gastric acid by neutralization, but for a very short period of time. Some studies 
show that they last twenty to twenty-five minutes, and then lose their effectiveness. These 
are not practical except for the occasional symptom of heartburn, but then you have to 
carry a bottle of Rolaids® or TUMS® with you, and you still have heartburn. 
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17. H2RA's and PPI's on the other hand are so-called "anti-secretory" agents, which 
act by preventing the secretion of gastric acid in the first place. Both classes of drug are 
absorbed by the small intestines and circulated by blood to parietal cells in the stomach, 
where they exert their effect at a cellular level. As explained in more details in paragraph 
35 infra, H2RA's block the action of histamine in parietal cells. They were the first class 
of anti-secretory drugs to appear in the clinic (in the 1970's) and include cimetidine 
(Tagamet®), ranitidine (Zantac®) and famotidine (Pepcid®). PPI's emerged a decade 
later and act by irreversibly binding to the H+,K+-ATPase enzyme (the proton pump), as 
explained in more detail in paragraphs 36 and 37 infra. Such drugs, which include 
omeprazole (Prilosec®), esomeprazole (Nexium®) and lansoprazole (Prevacid®), proved 
to be more potent inhibitors of gastric acid secretion than H2RA's. 

18. In 2000, I reviewed the treatment strategies involving H2RA's and PPI's as 
reported in the medical literature prior to 2000 (see N. Vakil, "Review Article: Cost- 
Effectiveness of Different GERD Management Strategies," Aliment Pharmacol Ther 
2002; 16 (Suppl. 4): 79-82, p. 80) (Attachment 4). In this article, I concluded at that 
time, based upon my review: "Proton pump inhibitor therapy is more effective than H2 
receptor antagonist therapy in erosive GERD." (p. 80). The shortcomings of H2RA 
therapy in treating GERD were well known and recognized in 2000. The H2 Receptor on 
a parietal cell is prone to feedback on itself. The more you block a receptor, the more the 
cell will respond to that by developing a tolerance to the agent that it is exposed to, so it 
will find a way to bypass the process. The H2 receptors are in this respect quite prone to 
tolerance, and the treatment effect decreases with time. In the article I co-authored in 
2000 with Ronnie Fass, M.D., and M. Brian Fennert, M.D., we reported a 1999 study in 
which symptomatic GERD patients with an incomplete response to a three month therapy 
with a twice daily dose of H2RA, were subject to a further two months of continued 
therapy at a double dose of H2RA with only modest improvements compared to controls, 
leading us to note the "pharmacological deficiencies of H2RA's in controlling acid 
secretions" (see American Journal of Gastroenterology, Ibid, p. 309) (Attachment 2). In 
the same article, we further commented: "[H2RA] agents have been known to be 
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ineffective in inhibiting meal-stimulated acid secretion and are associated with rapid 
development of pharmacological tolerance" (Ibid). We also cite data that "indicate 
overwhelmingly that, in patients with erosive esophagitis, PPI's provide superior healing 
and symptom relief compared to H2RA's ..." (Ibid, p. 309-310). In my review article 
(Aliment Pharmacol Ther 2002; 16 (Suppl. 4): 79-82, p. 80) (Attachment 4), I described a 
"step-up" therapy option (disclosed in an earlier peer-reviewed article in 1999) that 
begins with a generic H2RA therapy. Failures with this strategy (as tolerance develops) 
would be treated with a higher dose of H2RA therapy, and failures to the higher dose 
H2RA are then treated (stepped up) with PPI therapy. There was also a corresponding 
"step down" therapy, in which you start with PPPs, make the patient feel better, and then 
step down to the less expensive H2RA's. There were reports also of a therapy option for 
what was called "nocturnal reflux" (in which GERD patients already on PPI therapy 
experience intragastric pH less than four at night), in which PPI's were administered with 
the morning meal and the evening meal and H2RA's were separately administered later 
at bedtime, although there was little data at the time that demonstrated the long term 
efficacy of this approach, as tolerance to the H2RA's would build (Vakil, "Novel 
Methods of Using Proton-Pump Inhibitors," Gasteroenterol Clin N Am 31 (2002) S85-88, 
87-88) (Attachment 5). Similarly, in a clinical study we evaluated the efficacy of H2RA's 
separately administered at bedtime to prevent nocturnal heartburn and demonstrated that 
tolerance to the effects of H2RA's develops when they are used beyond seven days. 
(Vakil et al., "The Effect of Over-the-Counter Rantidine 75 mg on Night-Time Heartburn 
in Patients With Erosive Oesophagitis on Daily Proton Pump Inhibitor Maintenance 
Therapy," Aliment Pharacol Ther 23 (2006), 649-653 ) (Attachment 1 1). 

19. PPI's, though superior to H2RA's in treating GERD, had their clinical 
shortcomings, too. First and foremost, there was a significant time lag (4 days) between 
the administration of PPI and the relief of the symptom. This was because the PPI's are 
prodrugs that are administered in an inactive state and need to be subjected to the acid 
environment of a stimulated parietal cell to become activated by chemical conversion to a 
active entity that blocks the proton pump. This is discussed in more detail in paragraphs 



Application Serial Nos. A3 1,598 and 1 1/544,750 
Declaration of Nimish Vakil, M.D., FACP, FACG 
Page 10 



39 and 40 infra. The chemical conversion that occurs in the parietal cell is illustrated in 
Figure 4 of a peer-reviewed article on this subject at the time written by colleagues in the 
field, M. Michael Wolfe, M.D. (Professor, Boston University School of Medicine) and 
George Sachs, M.D. (Professor, UCLA School of Medicine), "Acid Suppression: 
Optimizing Therapy for Gastroduodenal Ulcer Healing, Gastroesophageal Reflux 
Disease, and Stress-Related Erosive Syndrome," Gastroenterology 2000; 118:S9-S31 
(Attachment 6). 

20. Thus, with PPI therapy, it took time before sufficient proton pumps were inhibited 
for the patient to feel an effect. In contrast, H2RA therapy provided rapid relief, but it 
faded with time. With PPI's, prompt relief was not possible, even at higher dosage 
levels, so the profound debilitating effects of GERD could not be promptly moderated, 
but came only with the passage of time. 

21. In 2000 therefore, we physicians dedicated to the treatment of the symptoms of 
GERD had imperfect pharmacological tools at their disposal. The therapeutic tools that 
were available to us left the problem of rapid and prolonged relief from the symptoms of 
GERD unsolved. The conventional wisdom expressed in the leading medical textbooks 
and held by the thought leaders in the field at this time advocated (i) H2RA therapy or 
(ii) PPI therapy or (i) H2RA therapy then (ii) PPI therapy, or vice versa. H2RA's 
provided prompt relief but their effect faded with time. This caused increasing doses of 
the H2RA's to be used until the therapy ultimately failed, Ultimately, the symptoms 
GERD persisted to disrupt the patient's quality of life. With PPI's, you had to accept a 
significant time lag of several days, during which the patient continued to suffer the 
profound quality of life effects. The problem of having no therapy that made possible 
rapid and prolonged relief from the symptoms of GERD persisted in 2000 and is 
evidenced in published literature of the time, as reflected in my publications and the 
publications of other persons of skill in the gastroenterology field. 
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22. Importantly, at a time prior to the Invention, my colleagues and I were faced with 
pointed teachings in the peer-reviewed literature not to co-administer a H2RA with a PPI 
together simultaneously or concomitantly in humans. To us, the teachings against co- 
administration of H2RA's and PPI's in humans made scientific and pharmacologic sense, 
and it was also backed by animal data that suggested that such a combination would not 
work. At a time prior to the Invention, I would not even have considered co- 
administering H2RA's and PPI's together simultaneously or concomitantly to human 
subjects by virtue of both the lack of scientific rationale and adverse dog data. In view of 
this, we used to teach medical students not to co-administer H2RA's and PPI's 
concomitantly or simultaneously. 

23. To illustrate this point, the leading medical textbook in the field of 
gastroenterology (at the time and now; see_6 ,h Edition of Schlesinger and Fordtran's 
Gastrointestinal and Liver Disease (Pathophysiology/Diagnosis/Management) (1998) 
(Attachment 7)) accurately reflects the scientific, clinical, and pharmacological state of 
mind of experts at the time. In the chapter concerning "Peptic Ulcer and Its 
Complications," a colleague in the field Andrew H. Soil, M.D. (Professor of Medicine, 
University of California) makes this scientific and clinical observation about PPI's and 
H2RA's: 

"PPI's effectively inhibit only stimulated parietal cells. Because PPI's must be 
concentrated and activated in the acid compartments of the parietal cells, they will only 
inactivate the H+,K+ -ATPase present in actively secreting membrane compartments. 
PPI effectiveness therefore depends on the degree of activation of acid secretion at the 
time of drug administration.'' (at page 649). 




Dr. Soli further counsels physicians, like me, who are interested in providing 
prompter relief to their GERD patients: 
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"Combination therapy [of PPIs] with H2RAs is never appropriate; if greater 
antisecretory efficacy is required, the PPI should be administered in higher, divided 
doses." (at p. 649). 

24. In the preceding 5 th Edition (1993) of the same textbook (on pages 626-627) 
(Attachment 8), Dr. Soli provides the same teachings. This demonstrates that the 
proscription against co-administration was well established in the field prior to the 
Invention: 

"THE PARIETAL CELL HAS TO BE TURNED ON TO BE TURNED OFF BY 
OMEPRAZOLE [a PPI). Since omeprazole must be concentrated and activated in the 
acidic compartments of the parietal cell, omeprazole will inactivate only the H+, K+ - 
ATPase present in actively secreting membrane compartments." (at page 626). 

"A FEW PRACTICAL POINTS. ... Omeprazole should not be co-administered 
with another antisecretory agent" (at page 627). 

In both sections authored by Dr. Soil in the 5 th and 6 th Textbook Editions point to 
experiments on dogs which showed that the co-administration of H2RA's and PPI's 
caused a profound, undesirable effect. 

25. I also quote from another peer-reviewed article on this subject at the time written 
by colleagues in the field, M. Michael Wolfe, M.D. (Professor, Boston University School 
of Medicine) and George Sachs, M.D. (Professor, UCLA School of Medicine), "Acid 
Suppression: Optimizing Therapy for Gastroduodenal Ulcer Healing, Gastroesophageal 
Reflux Disease, and Stress-Related Erosive Syndrome," Gastroenterology 2000; 118:S9- 
S31 at SI 4 (Attachment 6) (the emphasis appears in the authors' original text): 

"The PPIs are without question the most potent inhibitors of gastric acid secretion 
available. However, because they are most effective when the parietal cells is stimulated 
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to secrete acid in response to a meal, these drugs should only be taken before or with a 
meal and should not be used in conjunction with H2-receptor antagonists, postaglandins, 
or other antisecretory agents (see Table 3)" Table 3 (Helpful Facts on the Use of PPIs) 
further states: "Do not administer [PPIs] concomitantly with H2-receptor antagonists or 
postaglandins." 

26. The teachings against co-adniinistration of H2RA's and PPPs simultaneously or 
concomitantly in humans found in the leading peer-reviewed literature at that time were 
founded upon the consensus scientific and clinical knowledge about the physiology of 
gastric secretion in the human stomach and the pharmacology of H2RA and PPI in that 
environment. I will explain this with reference to a series of illustrations that have been 
prepared to help exemplify my explanation. 
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27. Figure 1 illustrates by way of general introduction a human stomach and the 
unique cells, called parietal cells, which line the stomach lumen. These are the parietal 
cells that the foregoing articles describe. Parietal cells secrete hydrogen H+ ions (protons) 
in the form of concentrated gastric (hydrochloric) acid from invaginations that line the 
stomach, called cannaliculi. Only parietal cells perform this function in humans. By way 
of further introduction, Figure 2 illustrates what these cannaliculi look like when viewed 
through a scanning electron microscope. There are about one billion parietal cells in a 
human stomach. 
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28. Figure 3 is a diagrammatic representation of the anatomic and biochemical 
components of a parietal cell. A series of biochemical steps occur within a parietal cell 
that lead to the formation and secretion of gastric acid. 




29. The beginning point of the reactions occurs when the parietal cell is stimulated. 
Figure 3 diagrammatically illustrates the specialized receptors of the parietal cells, where 
the stimulation occurs. The receptors have specific chemical affinities for particular 
organic molecules that circulate in the blood. One of these receptors, the H2 Receptor, 
has an affinity for histamine. 
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30. Histamine is released into the blood by specialized cells in the stomach (called 
ECL cells) when stimulated by the vagus nerve in response to a person's sight and smell 
of food and the act of eating (as Figure 4 illustrates). When the histamine carried in the 
blood binds with H2 Receptor (as Figure 5 illustrates), the parietal cell is stimulated. The 
chain of cellular actions ultimately leads to the secretion of gastric acid. 




Figure 5 
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31. Although there are other receptors on the parietal cell with affinity for other 
organic molecules that were also believed potentially to participate in the stimulation of 
the parietal cell - notably acetlycholine (AC) (a neurotransmitter) and gastrin (secreted 
by other specialized cells in the stomach, called G-cells), the Histamine receptor plays an 
important role under usual conditions. 



32. The biochemical reactions that make up the intervening events occur within the 
parietal cell after it is stimulated. They lead, inter alia, to the appearance of hydrogen 
ions (H+) (protons) in the cell as Figure 6 illustrates. Because the hydrogen ions (H+) 
appear in the stimulated cell, Dr. Soil in the Schleisinger and Fordtran textbook (see 
paragraph 23, supra.) calls this an acid "compartment" of the stimulated parietal cell. The 
stage is set for the next step, which is the activation of the "proton pump." 



VtagusNave 




Figure 6 
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33. The end point of the biochemical reactions in the parietal cell is the activation of 
the proton pump to release a hydrogen ion (H+) into the stomach lumen. To release the 
hydrogen ion (H+), a special gastric enzyme exchanger is present in the parietal cell ~ 
called hydrogen potassium -adenosine triphosphate (ATPase), or in shorthand. "H+, K+- 
ATPase," as Figure 6 illustrates. The hydrogen ion (proton) H+ inside the parietal cell 
and a potassium ion K+ in the stomach lumen bind to the H+/K+ -ATPase enzyme 
(Figure 6). Figures 6 and 7 also illustrate another chemical substance called adenosine 
triphosphate (ATP) that is generated by mitochondrion of the parietal cell. ATP is a 
source of chemical energy. The ATP binds to the H+, K+ -ATPase enzyme (Figure 7) to 
drive a conformational change in the H+, K+ -ATPase enzyme. This activates the proton 
pump. The proton pump transports a hydrogen ion (H+) out of the parietal cell into the 
canaliculi, in exchange for the potassium ion (K+) that enters the parietal cell. This in- 
and-out biochemical reaction is the ending point, and it is called the "proton pump." The 
proton pump is not a pump in a physical sense. It is a specialized biochemical reaction 
that occurs within a parietal cell. When bound by adenosine triphosphate (ATP), the H+, 
K+ -ATPase enzyme becomes the proton pump. Meanwhile, a chloride ion (C1-) is 
transported into the stomach lumen through a biochemical conductance channel in the 
parietal cell wall to preserve electro-neutrality (see Figure 7). Gastric acid enters the 
main stomach lumen. 

Vugus Narva 




Figure 7 
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34 . Between meals, a small number of parietal cells are producing gastric acid to keep 
the stomach environment acidic. This is called basal acid secretion. Stimulated acid 
secretion occurs when the parietal cells are stimulated by hormones or nerves. These 
biochemical pumps are created de novo by intracellular processes in response to stimulus. 
When the stimulus disappears, the proton pumps fade away. 

35. From this perspective, the pharmacological effects of H2RA's and PPI's can be 
easily characterized, as we understood them at a time prior to the Invention. At a time 
prior to the Invention, my colleagues and I characterized the pharmacologic effect of 
H2RA's as one that blocks the H2 Receptors at the beginning point of the acid secretion 
process (this is illustrated in Figure 8). 
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36. On the other hand, at a time prior to the Invention, my colleagues and I 
characterized the pharmacologic effect of PPPs as one that inactivates the proton pumps 
at the ending point of the acid secretion process (this is illustrated in Figure 9). 





Figfirc9 



37. Further, and importantly, at a time prior to the Invention, my colleagues and I 
believed that PPI's would provide their pharmacological effect only if the parietal cell 
had been stimulated by histamine (as Figure 9 shows); that is, there needed to be a 
beginning point before the PPI could disable the ending point. This is what Dr. Soil 
means when he wrote in 1998 (see paragraph 23, supra.): "PPI's effectively inhibit only 
stimulated parietal cells." And this, in turn, is what lead to Dr. Soil's teaching at the time: 
"Combination therapy [of PPIs] with H2RAs is never appropriate," (see paragraph 23, 
supra) as also stated by Drs. Wolfe and Sach (see paragraph 25, supra.): "Do not 
administer concomitantly with H2-receptor antagonists orpostaglandins." 
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38. These teachings made sense at the time. The H2RA's work at the beginning point 
(Figure 8) - they block the stimulation of the parietal cell in the first instance. By 
blocking the H2 Receptor, acid secretion by histamine stimulation is inhibited. H2RA's 
are therefore called antisecretory drugs because they inhibit acid secretion. . 

39. The PPI's, on the other hand, work at the ending point (Figure 9), to inactivate the 
proton pump of a stimulated parietal cell. The PPI's bind irreversibly with the H+, K+ - 
ATPase enzyme within the parietal cell to inactivate the H+, K+ -ATPase enzyme - and 
thereby inactivate the proton pump. The result is that no gastric acid is secreted. PPI's 
are thus another class of an "antisecretory" drug, again because they inhibit acid 
secretion. 

40. An important aspect of the pharmacology of PPI's is that PPI's are 
physiologically inactive prodrugs, that are incapable of binding with the H+, K+ - 
ATPase enzyme exchanger. To be capable of binding with the H+, K+ -ATPase enzyme 
exchanger, the PPI's need to be activated, and this occurs in situ within the acid (H+) 
environment of the parietal cell (as Figure 9 illustrates). For activation to occur, and for 
the PPI to work, it had to be subjected to the acid environment of a stimulated, actively 
secreting parietal cell (as Figure 9 illustrates). This is precisely what the foregoing 
articles teach: "THE PARIETAL CELL HAS TO BE TURNED ON TO BE TURNED 
OFF BY OMEPRAZOLE [a PPI]." (see paragraph 23, supra). 

41. At that time, my colleagues and I believed that, in the absence of a stimulated 
parietal cell, the PPI would remain inactive, unable to exert its effect and thereby served 
no purpose. Since H2RA's blocked the H2 Receptor, they blocked the stimulation of the 
parietal cell in the first instance, so the co-admimstration of a PPI with the H2RA 
simultaneously or concomitantly made no scientific or pharmacological sense to me or 
my colleagues at that time. However, for the same reason, it did make scientific and 
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pharmacological sense why it was never appropriate to co-administer a H2RA and PPI 
simultaneously or concomitantly. 

42. At a time prior to the invention, my colleagues and I understood that the co- 
administration of H2RA and PPI would prevent the PPI from exerting its antisecretory 
effect, and that we would be doing the patient a disservice by not allowing the PPI to act. 
The concept was that one drug (the H2RA) bars the other (the PPI) from working, so if 
you gave the two together, they interfered with each other. Furthermore, PPI's were (and 
still are) expensive. Therefore, not only did we think that there was a potential 
therapeutic disadvantage when you combine these drugs, to co-administer would put the 
patient at an economic disadvantage. At a time prior to the invention, there was no 
scientific, clinical, or pharmacologic rational for the co-administration of H2RA's and 
PPI's and, instead, all scientific and pharmacologic beliefs argued against it. 
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43. Dr. Wolfe is the inventor of United States Patent 5,229,137 (issued July 20, 1993) 
(Attachment 9) for his invention of the combination of antacid and H2RA's (Pepcid- 
AC®). Dr. Wolfe tried that combination, but did he did not try the Invention. On the 
contrary, Dr. Wolfe wrote articles advising against the concomitant administration of 
PPI's and H2RA's together (see paragraph 25, supra). This illustrates the thinking at the 
time: Dr. Wolfe's combination of an antacid and a H2RA was at the time scientifically 
logical: an antacid works in the stomach to neutralize gastric acid after it is secreted (this 
is illustrated in Figure 10), while an H2RA works in a parietal cell to block the H2 
receptor to prevent secretion in the first place (which is illustrated in Figure 8). The 
pharmacologic mechanism of an antacid does not interfere with the pharmacological 
mechanism of a H2RA. 



Vagus Nerve 




Figure 10 

As the belief at the time was that the H2RA would inhibit the effect of the PPI, Dr. Wolfe 
advocated against co-administration of H2RA's and PPI's together. This, I believe, 
underscores my point: that the co-administration of a H2RA and PPI was at a time prior 
to the invention was considered scientifically illogical and no medical doctor would do it 
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when seeking to treat GERD. Dr. Wolfe is a prime example of the thought process at 
work in the field during the relevant time period prior to the Invention. Even in the 
treatment of nocturnal acid secretion of patients taking PPI's (see paragraph 18, supra), 
the adniinistration of PPI's and H2RA's were separated in time to prevent interaction 
between the two drugs. 

44. I co-authored a scientific paper based on the Invention with Drs. Fandriks, 
LSnroth, and Pettersson, which was published in the Scandinavian Journal of 
Gasteroenterology {Scandinavian Journal of Gasteroenterology, "Can Famotidine and 
Omeprazole be Combined on a Once-Daily Basis?" 2007; 42: 689-694) (Attachment 10). 
After data contained in the paper had been presented at a national meeting, I presented 
another paper at a state of the art lecture at a conference Digestive Disease Week 2005 
"New Advances in GI Pharmaco-Therapy: What New Agents will be Available in the 
Near Future?" (May 14-19 2005, Chicago, Illinois) in which I discussed the potential of 
the administration of a PPI with a H2RA simultaneously or concomitantly. Immediately 
after my presentation, I recall that the very first question from the floor was along the 
lines of "why doesn 't blocking the activation of the parietal cell with an H2RA make the 
PPI ineffective". It is not a surprise to me that this was the first question, as it was one 
that could be predicted to come from a colleague in the field at that time. I responded by 
concurring that the traditional view had always been that since an activated proton pump 
was required to make the PPI effective, co-administration with an H2RA would be 
counter-productive, but that the data showed that this was not the case, and we therefore 
needed to change our way of thinking. Following this, a lot of people came up to me and 
said this was interesting, because they had also shared the traditional view, but they had 
their eyes opened by looking at the data. 

45. In the particular study described in the Scandinavian Journal of 
Gasteroenterology (see paragraph 44, supra), we demonstrated that famotidine (H2RA) 
and omeprazole (PPI) could be co-administered and actually get an additive benefit in the 
early days of treatment. The data compared the control arms omeprazole alone; 
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famotidine alone; and co-administration of omeprazole and famotidine in the manner of 
the Invention (Attachment 10, see Table 1, on page 693). The data show for Day 1 (i) 
omeprazole alone controlled stomach acid pH >4 for 27% of the day, (ii) famotidine 
alone controlled stomach acid pH >4 for 54% of the day; and (iii) the co-administration 
of omeprazole and famotidine controlled the stomach acid pH >4 for 67% of the day. We 
therefore found a surprising effect on Day 1. The traditional view would have us believe 
that we would observe an adverse effect due to the co-administration, because we had co- 
administered a PPI with an H2RA. According to the prior knowledge, the control 
percentage for the co-administration (67%) should have been, if anything, lower than the 
individual control percentages, or certainly no greater than famotidine alone, yet it was 
higher than the individual control percentages for omeprazole alone (27%) and 
famotidine alone (54%). This was an unexpected novel finding. The other surprising 
aspect was that, on Day 8, when the steady state for the omeprazole had been reached, the 
percentage of time that omeprazole alone was controlling stomach acid was 78% of the 
day (which is in keeping with the pharmacological profile of a PPI); famotidine alone 
was controlling stomach acid for 48% of the day, which is similar to the 54% on Day 1, 
but showing hint of physiologic tolerance (also in keeping with the pharmacological 
profile of a H2RA, as I explained in Paragraph 18 supra); but the co-administration of 
PPI and H2RA was controlling stomach acid for 78% of the day, showing none of the 
expected diminished PPI activity compared to Day 1. According to the prior 
conventional wisdom, on Day 1 and Day 8 we would expect the control percentages for 
the co-administered dose to be lower than the individual doses. At the veiy least, we 
would expect the co-administered dose to be lower on Day 8 compared to the omeprazole 
alone, because we would expect that the effectivness of omeprazole would be inhibited 
by the presence of H2RA. The data are totally the opposite as to what one would have 
expected. 

46. Subsequent studies have demonstrated that the co-administeration of other PPFs 
with famotidine in the manner of the Invention provide similar surprising results. Studies 
of the PPI esomeprazole co-administered with famotidine and of the PPI lanzoprazole co- 
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administered with famotidine, each pair being administrated simultaneously or 
concomitantly on a once daily basis for eight days, demonstrate that the co-administration 
of these PPPs with an H2RA simultaneously or concomitantly gives an early and 
clinically important intragastric pH increase within two hours after co-administration of 
the first dose, and that the acid-suppressive effect is maintained throughout the eight 
days treatment period. 

47. The data are surprising and unexpected in that the co-administration of PPI and 
H2RA works at all, let alone better than the individual doses. We do not fully understand 
why this is the case at this time. This is why the Invention challenges my colleagues and 
me to look again at how these drugs work on acid secretion, and look at it from different 
perspectives than we have in the past. The Invention has changed our views, and the 
empirical data test or challenge a well held view. The data from our study show that acid 
inhibition by the Invention is prompt, additive, and prolonged, if desired. 

48. The Invention provides me and my physician colleagues a therapeutic tool that 
did not exist before. Surprisingly, the Invention has shown that it is appropriate, to co- 
administer PPI and H2RA together simultaneously or concomitantly in the dosage form 
and dosage regime as I have described. The data show that co-administration of H2RA 
and PPI simultaneously or concomitantly in this manner leads to a prompt beneficial 
additive relief of symptoms on Day 1, and persists for a prolonged treatment period, if 
necessary, on demand. 
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49. I have been warned that willful false statements and the like are punishable by 
fine, or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of the 
application or any patent issuing thereon. All statements I have made of my own 
knowledge are true, and all statements made upon information and belief are believed to 
be true. 




Nimish Vakil, M.D., FACP, FACG 
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ABSTRACT 

Nonerosive reflux disease is defined as the presence of 
typical symptoms of gastroesophageal reflux disease caused 
by intraesophageal acid in the absence of visible esophageal 
mucosal injury at endoscopy. Recent studies demonstrate 
that it is a chronic disease with a significant impact on 
quality of life, and it is very common in primary care 
settings. Treatment with acid inhibitory agents is effeciive, 
and proton pump inhibitors arc the most effective form of 
therapy. (Am J Gastroenterol 2001;96:303-314. © 200] by 
Am. Coll. of Gastroenterology) 

INTRODUCTION 

Symptoms of gastroesophageal reflux disease (GERD) such 
as heartburn and acid regurgitation occur weekly in 20% of 
the adult population (1). The prevalence of reflux symptoms 
probably underestimates the true prevalence of GERD, as it 
is based solely on the presence of heartburn and/or acid 
regurgitation. Recent data indicate that many patients with 
GERD present with symptoms such as acid reflux-related 
chest pain (noncardiac chest pain), asthma, cough, and 
hoarseness, and lack concomitant symptoms of heartburn or 
acid regurgitation (2). For instance, it has been demonstrated 
that as many as 60-70% of adult asthmatics have GERD. 
Given the prevalence of asthma in the adult population in the 
United Slates as well as the millions of patients with non- 
cardiac chest pain, cough, and hoarseness, the true preva- 
lence of GERD is likely to be substantially greater than 20%. 

Until recently our understanding of GERD was largely 
limited to patients with erosive esophagitis. Investigators 
and clinicians were concerned with erosive esophagitis for a 
number of reasons. Foremost among these was the need for 
an unequivocal criterion for the diagnosis of gastroesopha- 
geal reflux disease in clinical trials. This resulted in most of 
the literature on therapy being limited to patients with ero- 
sive esophagitis. The presence of erosive esophagitis also 
provided an objective means of measuring efficacy, as heal- 
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ing could be clearly defined. These trials fostered the de- 
velopment of numerous scoring systems of esophagitis (3, 
4) furthering interest and limiting the focus of research in 
GERD to patients with erosive esophagitis. Compounding 
this research "bias" toward GERD patients with erosive 
esophagitis was the erroneous belief that the adverse clinical 
impact of GERD was limited to those with erosive esoph- 
agitis. This belief ignored accumulating data that the great- 
est clinical impact of GERD was on quality of life (QOL) 
and that the impairment was similar in patients with and 
without erosive, disease (5). The assumption that therapeutic 
needs were not as great in patients with nonerosive reflux 
disease (NERD) has also been challenged by recent studies. 
NERD therefore represents an enormously important clini- 
cal problem that requires a refocus of our attention and a 
priority for clinical research. 

In this article, we review what is known about the patho- 
physiology, diagnosis, and treatment of NERD, as well as its 
cost to society and to health care systems. We also identify 
critical areas where information is lacking, to shed further 
light on this enormously important clinical issue. 



DEFINITION 

There is no generally agreed upon definition of NERD in the 
literature. We define NERD as the presence of typical symp- 
toms of gastroesophageal reflux disease caused by intra- 
esophageal acid, in the absence of visible esophageal mu- 
cosal injury at endoscopy. 

It is clear that NERD is not composed of a homogeneous 
group of patients. The functional esophageal disorders com- 
mittee that convened in Rome in 1990 suggested the use of 
24-h esophageal pH monitoring as a tool to distinguish a 
subset of NERD patients as those with "functional heart- 
burn'' (6). Functional heartburn was defined as burning 
retrosternal discomfort for >3 months in the absence of 
pathological gastroesophageal reflux by 24-h esophageal pH 
monitoring and esophagitis by endoscopy. The committee 
suggested that further distinction between subgroups of 
functional heartburn patients could be achieved by correlat- 
ing physiological acid reflux events with symptoms of heart- 
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Figure 1. Subcategorization of the nonerosive reflux disease 
(NERD) group by using 24-h esophageal pH monitoring and 
"symptom index," as suggested by the functional esophageal dis- 
orders committee in Rome in 1990 (6). 



burn (Fig. 1 ). As the pH test is not a gold standard for the 
diagnosis of GERD, it may not be reliable in categorizing 
the NERD group (Figs. 2-4). False negative results are not 
uncommon and may occur even in patients with docu- 
mented erosive esophagitis (7, 8). Furthermore, it has been 
demonstrated that 30-50% of NERD patients presenting 
with heartburn will have no evidence of pathological acid 
reflux by currently available diagnostic modalities (6, 9, 1 0). 

EPIDEMIOLOGY AND NATURAL HISTORY 

Gastroesophageal reflux disease represents a spectrum of 
symptoms and tissue damage. Patients may present with 
typical symptoms such as heartburn and acid regurgitation 
and/or atypical symptoms such as chest pain, hoarseness, 
and cough. In addition, patients may present with normal 
esophageal mucosa, mucosal inflammation, or complica- 



tions such as stricture and Barrett's esophagus. It has been 
demonstrated that there is no correlation between the sever- 
ity of GERD symptoms and the presence or absence of 
visible esophageal inflammation (11). 

Early studies that originated from tertiary referral centers 
suggested that approximately half of the patients presenting 
with reflux symptoms had erosive esophagitis at upper en- 
doscopy (11,12). However, most patients with GERD either 
self-medicate and never seek medical attention, or they are 
seen and treated by community-based physicians (13). Re- 
cent studies that were carried ,out in community practice 
revealed that up to 70% of the GERD patients have NERD 
(14, 15). Therefore, erosive esophagitis does not seem to be 
as common as previously suggested. In another community- 
based study of antacid users, Robinson et al. found that 53% 
of GERD patients had NERD and two thirds of the remain- 
der had only mild erosive changes at endoscopy (16). This 
study highlights another important finding that in commu- 
nity-based patients with esophageal mucosal injury, mild 
erosive esophagitis is the most prevalent form of mucosal 
injury. 

Only a few studies, mostly retrospective, have assessed 
the natural history of NERD. In one study from Italy, 33 
NERD patients were followed for a period of 6 months 
while on antacids and/or prokinetics (17). At the end of the 
follow-up period, 58% remained symptomatic and 15% had 
developed erosive esophagitis. A total of 42% became 
asymptomatic and were able to discontinue all medical 
therapy. There was no difference in the pattern of GERD 
between the symptomatic patients and those that became 
asymptomatic. However, this retrospective review offers 
only a short-term follow-up. In another study from Scotland, 
NERD patients with either excess or normal esophageal acid 
exposure but a positive symptom index were followed for a 
median period of 6.5 and 4.4 yr, respectively (18). In all, 
87% of those with normal acid exposure and 79% of those 
with excess acid reflux remained symptomatic; 53% and 
47%, respectively, recorded their symptoms as the same or 
worse than at the original presentation, despite regular use 
of medications in 60% of patients in each group. These 
studies and others suggest that most NERD patients will 
demonstrate a chronic pattern of symptoms with periods of 
exacerbation and remission. Further delineation of the clin- 
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Figure 2. A 24-h esophageal pH recording in a patient with nonerosive reflux disease (NERD). During the test the patient experienced three 
episodes of acid regurgitation (R) and one episode of heartburn (H). All symptoms correlate with acid reflux events, suggesting a 100% 
symptom index. (E = meal; S - supine position.) 
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Figure 3. A 24 -h esophageal pH recording in a patient with nonerosive reflux disease (NERD). Despite the lack of any acid reflux events 
the patient reported six episodes of heartburn (H) and two of chest discomfort (C). Calculated symptom index is 0% 



ical characteristics of NERD patients over a longer period is 
needed. 



MECHANISMS OF HEARTBURN 

Hcanburn is the classic symptom of GERD that is perceived 
by patients with and without mucosal injury. In patients with 
erosive esophagitis, stimulation of sensory afferent path- 
ways by acid refluxate or inflammatory mediators is con- 
sidered to be the mechanism underlying symptom genera- 
tion. The precise relationship between symptoms of 
heartburn and acid reflux events in patients with normal 
endoscopy remains to be established. 

There is evidence for the presence of nerve terminals of 
both vagal and spinal fibers within the mucosa and muscle 
layer of the esophagus (19-22). However, the precise lo- 
calization of specific intramural nerve structures that are 
responsible for the transmission of painfully perceived, af- 
ferent information is not yet known. It seems that activation 
of peripheral terminals of spinal rather than vagal afferents 
are a necessary condition (22). Polymodal vagal afferents 
with receptive fields in the esophageal mucosa are important 
in chemically or mechanically induced reflex regulation that 
is not associated with conscious perception under normal 



conditions (19). Vagal afferents seem to have no role in 
visceral pain transmission, except for a pain-modulatory 
effect for certain types of vagal afferents and a role in 
perception of esophageal distension (23, 24). in contrast, 
spinal afferents are thought to be important for the trans- 
mission of discomfort and pain (25). The receptive fields for 
mechanosensitive spinal afferents are assumed to be located 
primarily in the muscle and serosa, whereas the intraepithe- 
lial nerve endings of spinal afferents are likely to be in- 
volved in the mediation of acid-induced pain during topical 
exposure to intraluminal acid (20). 

The mechanisms that lead to symptoms of heartburn in 
patients lacking esophageal mucosal injury remain an area 
of intense research. In both animal models and humans, 
dilation of the intercellular spaces has been noted in acid- 
exposed tissues (26, 27). In humans, these findings were 
detected by transmission electron photomicrographs in pa- 
tients with erosive and nonerosive reflux disease (27, 28). 
These findings may suggest that patients with reflux disease 
have an increase in paracellular permeability in the esoph- 
ageal epithelium (29). Because sensory " neurons in the 
esophageal epithelium reside within the intercellular spaces, 
the increase in paracellular permeability may explain heart- 
burn symptoms during esophageal acid exposure in patients 
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with NERD (29). However, this hypothesis provides only a 
partial explanation for the relationship between symptom 
generation and acid reflux events that has been observed in 
NERD patients. 

It is currently accepted that an excess of intraesophageal 
acid and perhaps other components of duodenogastro- 
esophageal reflux are the primary causes for symptoms of 
heartburn in NERD patients. However, between 33% to 
50% of the patients with NERD will have normal test results 
when they undergo initial 24-h esophageal pH monitoring, 
and up to 25% will reverse diagnosis (positive to negative 
test and vice versa) on subsequent pH testing (8, 14, 30-32). 
These data suggest that in a significant number of NERD 
patients, physiological acid exposure may be sufficient to 
cause typical symptoms of heartburn. 

The specific role of the symptom index, which determines 
the percentage of symptoms that correlates with acid reflux 
events, remains to be elucidated in NERD (33). In addition, 
interpretation of a positive symptom index (>50%) in the 
setting of a normal pH test remains an area of controversy. 
Although some have considered it indicative of GERD 
(false negative pH test by conventional criteria), others have 
suggested that it might be indicative of a group of patients 
that is highly sensitive to physiological amounts of acid 
reflux (functional heartburn) (6, 9). Patients with abnormal 
upper endoscopy are more likely to experience heartburn 
symptoms (65%) during pH testing than patients with nor- 
mal endoscopy and abnormal pH testing (32.5%) and those 
with both normal endoscopy and pH testing (21%) (34). In 
general, patients with erosive esophagitis are significantly 
more likely to have a positive symptom index when com- 
pared with NERD patients (33). Furthermore, patients with 
a normal upper endoscopy and 24-h pH test have a signif- 
icantly lower calculated symptom index (26% ± 10.7%) 
than those with abnormal upper endoscopy (85% ± 4.6%) 
or normal endoscopy and abnormal pH testing (70% ± 
7.1%). These data suggest that patients with a normal en- 
doscopy and 24-h pH test are less likely to have an abnormal 
symptom index (34, 35). The symptom index data may 
mean that a subset of NERD patients with physiological acid 
reflux may have hypersensitivity to acid. It is also possible 
that other non-acid-related intraesophageal stimuli can trig- 
ger heartburn. Animal models of afferent nerve sensitization 
have demonstrated that acid exposure can sensitize esoph- 
ageal nerve endings (chemoreceptors) directly or via inflam- 
matory mediators, resulting in lower pain thresholds (36). 
The sensitized esophageal chemoreceptors are part of the 
spinal afferents, which mediate esophageal sensation. Al- 
tered pain perception demonstrated by increased chemore- 
ceptor sensitivity to acid has been shown in NERD patients 
(37, 38). This hypersensitivity to acid can be demonstrated 
in both the proximal and distal esophagus (39). However, 
NERD patients seem to be less sensitive to acid when 
compared to patients with documented erosive esophagitis, 
regardless of their endoscopic grading (37, 40). 
Assessment of mechanoreceptor sensitivity using intra- 



esophageal balloon distension has yielded contradictory re- 
sults. Trimble et at. evaluated patients with heartburn and r 
excess reflux defined by abnormal upper endoscopy and/or 
24-h esophageal pH monitoring and compared them to pa- 
tients with heartburn and a normal 24-h pH test; the results 
demonstrated that the latter group had lower volume thresh- 
olds for perception of esophageal balloon distension and 
discomfort (41). This study suggests that patients with typ- 
ical heartburn who lack any evidence of excess acid are 
highly sensitive to mechanical stimuli. In another study 
using esophageal balloon distension delivered by an elec- 
tronic barostat, patients with NERD and erosive esophagitis 
did not demonstrate an increase in mechanosensitivily, 
when compared to normal controls (37). 

The current literature suggests that there is a differential 
effect of long-term esophageal acid exposure on chemosen- 
sitivity and mechnosensitivity in humans. Chronic esopha- 
geal exposure to excess acid affects chemosensitive but nol 
mechanosensitive afferent pathways. Only patients with 
typical GERD symptoms and no evidence of excess acid 
demonstrate an increase in mechanosensitivity. Some ex- 
perts hypothesize that the latter group might be sensitive to 
minute changes in pH that do not reach our current criterion 
for acid reflux event (pH < 4) (Fig. 4). Data to support this 
intriguing hypothesis are still lacking. Thus far, the axiom 
has been that pathological amount of acid is the only vis- 
ceral stimulus that can result in heartburn ("no acid, no 
heartburn"). However, as has been mentioned, heartburn I 
may be reported when the extent of esophageal acid expo- 
sure is within the physiological range in patients with either 
a negative symptom index or a complete absence of any 
documented acid reflux events (38). These data suggest that 
non-acid-related stimuli may produce heartburn as well in a 
subset of patients with NERD. 

In a recent study it has been demonstrated that chest pain 
and heartburn may be provoked in normal subjects during 
esophageal balloon distension either in the proximal or 
distal portion of the esophagus (37). Interestingly, volume 
thresholds for heartburn and chest pain in both esophageal 
locations were similar, suggesting that for a specific volume 
some patients will develop chest pain and others heartburn. 
Furthermore, volume thresholds for both chest pain and 
heartburn did not differ significantly at each esophageal 
location and between locations. In this study, esophageal 
balloon distension also reproduced typical heartburn symp- 
toms in patients with documented GERD who were being 
treated with high-dose proton pump inhibitors. This study 
clearly demonstrates that acid is not the only visceral stim- 
ulus that may lead to heartburn. Pehlivanov et ai suggested 
that longitudinal muscle contractions of the esophagus, de- 
lected only by high frequency intraluminal ultrasound and 
not by traditional esophageal manometry, are the motor 
equivalent of heartburn sensation (42). These contractions 
may occur in the presence or absence of acid reflux. This I 
intriguing observation requires further confirmation. 

The data discussed so far suggest that NERD patients 
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Figure 5. A 24-h esophageal pH recording in a patient with nonerosive reflux disease (NERD), The patient experienced multiple acid reflux 
events but perceived and developed heartburn during only two of them. This pH recording clearly demonstrated that most ack K ^events 
are not sensed. 



might have either excessive or physiological acid exposure 
or even non-acid-related intraesophageal stimuli that result 
in the sensation of heartburn. However, it is well known that 
only the minority of acid reflux events (<20%) are associ- 
ated with symptoms of heartburn (Fig. 5) (43). It is still 
unclear what factors determine whether an acid reflux event 
will reach a conscious level. It seems that most acid reflux 
events that are perceived occur postprandially (Fig. 5). Re- 
cently it has been demonstrated that intraduodenal fat infu- 
sion enhances perception of intraesophageal acid and may 
be a major modulator of postprandial GERD symptoms 
(44). Stress and psychological comorbidity seem also to be 
important factors in the generation of symptoms in patients 
with GERD. In a Gallup poll, 64% of individuals with 
heartburn reported that stress increased their symptoms (45). 
Through brain- gut interaction, stress may induce alterations 
in GI secretory and motor responses, however, it remains to 
be demonstrated how stress exacerbates GERD symptoms 
and whether it has a specific role in NERD patients. 

Intraesophageal pH measurements in both normal sub- 
jects and GERD patients fail to demonstrate an increase in 
acid reflux events during psychologically induced stress 
(46-48). Furthermore, acute stress does not induce signif- 
icant changes in esophageal motility in patients with NERD 
(49). However, interventions aimed at reducing stress in 
patients with GERD (hypnosis and progressive muscle re- 
laxation technique) have resulted in subjective improvement 
in reflux symptom ratings (48, 50). Bradley et al. suggested 
that chronically anxious patients when exposed to prolonged 
stress might perceive low intensity esophageal stimuli as a 
painful reflux symptom (41). They and others have postu- 
lated that anxious patients may devote an excessive amount 
of attention to a wide variety of esophageal events (i.e., they 
are hypervigilant) and thus may perceive such events as 
painful (47, 49). 

Baker et al. (51) performed psychological assessment in 
patients with documented GERD and controls. Patients with 
reflux differed from controls on scales of depression, som- 
atization, anxiety, and intensity of reporting symptom dis- 



tress. In a secondary analysis it was shown that only 30% of 
the GERD patients accounted for the differences between 
the groups, suggesting that although most patients with 
GERD are psychologically similar to patients without 
GERD, a subset of psychologically distressed patients are 
more likely to be found among patients with GERD. 
Johnston et al. (52) studied patients with episodes of heart- 
burn that did not correlate with acid reflux events (i.e., 
patients with a negative symptom index). These patients 
were found to have significantly higher levels of trait anx- 
iety and significantly less adequate social support structures 
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Figure 6. A proposed mechanistic model for heartburn sensation in 
patients with nonerosive reflux disease (NERD). Central and pe- 
ripheral factors may enhance the perception of intraesophageal 
stimuli and are probably major modulators of symptoms in NERD 
patients. 
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when compared with patients with heartburn who had a 
positive symptom index. Stress and psychological comor- 
bidity seem to have an important role in symptom genera- 
tion in patients with GERD and, in particular, those with 
NERD. This emerging concept suggests that by modulating 
brain- gut interactions, symptom perception and possibly 
pathological events in the esophagus of GERD patients 
might be altered. 

Figure 6 is a conceptual model that summarizes the mech- 
anisms that are responsible for the sensation of heartburn in 
patients with NERD. It is likely that patients with NERD are 
a heterogenous group with different mechanisms responsi- 
ble for their symptoms. Some patients experience heartburn 
caused by excess acid reflux; others demonstrate esophageal 
chemoreceptor sensitivity to physiological amounts of acid. 
Another subgroup of patients will develop heartburn symp- 
toms as a result of non-acid-related intraesophageal stimuli 
(possibly motor events). The latter subgroup, despite the 
presence of typical heartburn, does not meet the criteria for 
our definition of NERD. Central factors such as stress and 
peripheral factors such as intraduodenal fat may enhance the 
perception of various intraesophageal stimuli and thereby 
modulate symptoms in patients with NERD. 

PHYSIOLOGICAL CHARACTERISTICS 

Assessment of esophageal motor function in patients with 
NERD reveals minor motility abnormalities compared to 
normal subjects. Patients with NERD have a slightly higher 
rate of primary peristalsis failure, defined by nontransmit ted 
contractions or peristaltic contractions that do not traverse 
the entire esophageal body (53). Similarly, the mean ampli- 
tude of contractions in the distal esophagus and the mean 
lower esophageal sphincter pressure are mildly reduced 
(53). NERD patients rarely demonstrate lower esophageal 
sphincter pressures <10 mm Hg in contrast to patients with 
documented erosive esophagitis. 

Assessment of esophageal acid exposure is limited by the 
lack of a gold standard for diagnosing gastroesophageal 
reflux disease. By using ambulatory 24-h esophageal pH 
monitoring it seems that NERD patients in general have 
slightly higher mean acid exposure than normal subjects and 
significantly less acid exposure than patients with erosive 
esophagitis (54, 55). This relationship is also maintained 
when esophageal acid exposure is evaluated either in the 
erect or supine positions (56). 

By using the Bilitec 2000 (Medtronic, Minneapolis, MN), 
which detects bilirubin pigment spectrophotometrically, 
duodenogastroesophageal (DGER) reflux has been assessed 
in patients with GERD (57). The combination of both acid 
reflux and DGER correlated well with severity across the 
GERD spectrum. Esophageal exposure to both acid and 
DGER occurred in 50% of NERD patients as compared to 
79% of patients with erosive esophagitis, 89% with uncom- 
plicated Barrett 's esophagus, and 100% of those with com- 



plicated Barrett's esophagus. Further research concerning 
the role of DGER in NERD patients is needed. 

INVESTIGATION 

In patients presenting with heartburn, unless alarm symp- 
toms (such as dysphagia, bleeding, or weight loss) arc 
present, empirical therapy is currently considered the stan- 
dard of care (58). Using high-dose proton pump inhibitors 
(PPls) for a short time, the PPI therapeutic trial as an initial 
diagnostic approach is a potentially simple, accurate, and 
cost-effective diagnosis strategy in patients with GERD (8, 
30, 31, 59). It was found that over a period of 7 days, the 
symptom response rate of patients with NERD markedly 
improved from 27.2% to 83.3% when the omeprazole dose 
was increased from 40 mg once daily to 40 mg b.Ld. (59). 
This important study provides evidence that NERD patients 
also require a potent antireflux therapy for symptom control. 
Currently, there are no other studies using PPI therapeutic 
trials as a diagnostic tool in patients with NERD. 

Upper endoscopy should be performed in all patients who 
present with alarm symptoms. The use of endoscopy as a 
screening tool for Barrett's esophagus remains controver- 
sial. Although recently, practice guidelines regarding Bar- 
rett's esophagus screening have been proposed by the 
American College of Gastroenterology, there is currently no 
consensus regarding at what point patients with GERD 
should be evaluated (60). 

In patients undergoing upper endoscopy without esopha- 
geal mucosal injury, the addition of mucosal biopsy to 
detect histological changes consistent with GERD remains a 
common practice. The presence of inflammatory cells (neu- 
trophils and eosinophils), epithelial hyperplasia (basal cell 
hyperplasia and elongated papillae), and dilated vessels in 
the papillae have all been considered to be markers of 
esophageal injury secondary to GERD in patients with in- 
tact-appearing mucsoa (61). Using endoscopy and GERD 
symptoms as comparators, only 47.8% of NERD patients 
and 21.6% of normal controls had GERD-related histolog- 
ical findings in biopsies obtained 4 cm above the esopha- 
gogastric junction (62). In another study, histological find- 
ings typical of GERD were detected in 46% of NERD 
patients with abnormal pH testing, in 9% of those with 
normal pH tests, and in 29% of healthy controls (63). It 
seems from these studies that esophageal mucosal biopsies 
in NERD patients have a low yield and may not help to 
establish a diagnosis. 

Diagnostic evaluation in NERD becomes increasingly 
important in patients who fail to respond to a standard dose 
of PPI. Failure of symptom control in NERD patients re- 
ceiving PPI once a day (standard dose) is currently consid- 
ered an indication for 24-h esophageal pH monitoring (64). 
However, when 57 NERD patients who continued to have 
symptoms of heartburn on a standard dose PPr underwent 
pH testing, the results were within the normal range in 
61.1% (65). The extent of symptom control during therapy 
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with standard dose PPI seems to be related to the extent of 
intraesophageal acid exposure in the distal esophagus (51). 
The greater the total time that pH is initially <4, the better 
the symptom control. Thus, NERD patients with a mildly 
abnormal or normal pH lest will often fail standard dose PPI 
treatment. This may be explained by either hypersensitivity 
to acid reflux in the physiological range, which may suggest 
the need for high dose PPI for complete acid elimination and 
consequent symptom control or by nonacid intraesophageal 
stimuli. A recent study demonstrated no increase in esoph- 
ageal chemosensitivity to acid in NERD patients who failed 
standard dose PPI (31). 

QUALITY OF LIFE 

A number of studies have demonstrated an impairment of 
quality of life in chronic erosive esophagitis. Tewe/ al. (66) 
studied the illness behavior of patients with NERD and 
found that these patients were similar to those with erosive 
esophagitis. Treatment improved both groups equally. In 
general, patients with GERD experience more pain and 
greater impairment in social functioning and emotional 
well-being than paticnls with other chronic diseases such as 
diabetes and hypertension. For example, Chal et al. found 
impairments in comfort (vs pain), vitality, and mental health 
in GERD (67). Dimenas reported impaired psychological 
well-being scores in patients with GERD (5). A small num- 
ber of studies have evaluated patients with uninvestigated 
heartburn in primary care (68). Rust et ai demonstrated that 
impairment in quality of life was related to GERD symp- 
toms and improved with therapy (ranitidine 150 mg h.i.d) 
(69). Revicki et ai (70) studied 533 patients with a history 
of heartburn for 6 months before and after therapy with 
ranitidine, 150 mg bJ.d. Patients reported significantly 
worse scores on ail eight scales of the SF-36 (physical 
function and well-being, emotional well-being) compared to 
the general population. Successful treatment led to marked 
improvement in the quality of life (70). Carlsson et ai (71) 
studied patients with endoscopy-negative reflux disease. 
The Psychological General Well-Being index (PGWB in- 
dex) was used as a subjective measure of quality of life. 
Quality of life was impaired in patients with endoscopy 
negative disease and patients with erosive esophagitis and 
there were no significant differences between the groups. 
Omeprazole therapy improved the quality of life in both 
groups of patients (71). A recent study showed substantial 
improvement in quality of life with adequate therapy. Have- 
lund et ai (72) studied quality of life using well validated 
scales in 163 patients with NERD. Quality of life was 
restored with omeprazole 10 mg or 20 mg and was compa- 
rable to that in the general population. Impairment of quality 
of life appears to be similar in patients with NERD and 
patients with erosive esophagitis. There is a strong associ- 
ation between symptoms and impairment of quality of life. 
Adequate treatment of symptoms therefore improves quality 
of life in patients with NERD. 
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TREATMENT OF NERD 

There arc numerous therapeutic options available for treat- 
ing patients presenting with symptoms of GERD or other- 
wise suspected as having this disease. Generally these ther- 
apeutic options have been viewed in a hierarchy of 
therapeutic efficacy, ranging from lifestyle modifications/ 
antacids to histaminc-2 receptor antagonists (H2RAs)/pro- 
kinctics to proton pump inhibitors (PPfs), with surgery 
reserved for those with continued symptoms or complica- 
tions of GERD (73). It has been generally assumed by 
clinicians that patients with NERD would rarely demon- 
strate an incomplete response to either lifestyle modifica- 
tions or therapy with H2Ras/prokinetics; thus, potent anti- 
secretory therapy with PPIs or surgery should rarely be 
necessary in this patient population. However, there is now 
ample evidence that this assumption is incorrect, and that 
the therapeutic requirements of patients with NERD arc 
similar to those with erosive esophagitis. 

Some of the first evidence that H2RAs may be less than 
optimal as therapy for NERD came from a large US study 
of patients with heartburn treated with famotidine (74). In 
this trial, <30% of patients treated with H2RA twice daily 
had complete elimination of heartburn at 30 days, and little 
more than 50% of patients had relief at the end of 3 months. 
A sizable number of patients in this trial had NERD or 
minimal grades of esophagitis. Thus, indirectly, evidence 
began to suggest that patients with NERD might not be as 
easily treated as previously assumed. This should not have 
been surprising, given the pharmacology of H2RAs. These 
agents have been known to be ineffective in inhibiting 
meai-slimulatcd acid secretion and arc associated with the 
rapid development of pharmacological tolerance (73). These 
pharmacological properties affect all patients with GERD. 
regardless of the presence of erosive esophagitis. Further 
support for the inadequacy of these agents in many patients 
with NERD is derived from a recent trial in which symp- 
tomatic GERD patients with an incomplete response tu 
therapy with 3 months of a twice daily dose of an H2RA. 
were randomized to a further 2 months of continued therapy 
at this dose or to 2 months of a double dose of the H2RA 
(75). Further therapeutic response to continued use of an 
H2RA, even at high doses, was very modest in this trial. 

Given the pharmacological deficiencies of H2RAs in con- 
trolling acid secretion it was fell that perhaps patients with 
NERD could be better served by using a prokinetic agent. 
Prokinelics had shown some efficacy in patients with ero- 
sive esophagitis, and it was hoped even greater efficacy 
could be demonstrated in patients with NERD. However, in 
a large European study, remission of symptoms could be 
maintained in fewer than half of those patients with NERD 
who were receiving cisapride (76). Thus, like what had been 
observed for H2RAs, the therapeutic efficacy of prokinetics 
in patients with NERD is limited. Concerns about the safety 
of cisapride also limit its utility in this setting. 

There arc data that indicate overwhelmingly that, in pa- 
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ticnis with erosive csophagitis, PPls provide superior heal- 
ing and symptom relief compared to H2RAs or prokinetics 
(77). Similar data are emerging regarding the use of PPls in 
patients with NERD. In a 4-wk study of patients with 
heartburn and normal endoscopy, omeprazole resulted in 
complete symptom relief in nearly 60% of patients versus 
approximately 20% of those receiving placebo (78). In a 
similar placebo-controlled trial, symptom relief at 4 wk was 
also approximately 60% in those receiving omeprazole ver- 
sus 24% of those in the placebo arm (51). There were further 
interesting observations made in this study. The therapeutic 
response was correlated with intraesophageal acid exposure: 
those patients with the grealest intraesophageal acid expo- 
sure had the greatest response (response rate, >85% in 
patients with an esophageal pH of <4 more than 10% of the 
lime, vs 54% in patients with a pH of <4 less than 4% of the 
time). Thus, in NERD patients with an abnormal pH study, 
the therapeutic response was nearly identical to that seen in 
patients with erosive csophagitis. The study also indicated 
that in those patients with functional heartburn, a therapeutic 
response would be much less likely. 

There are now trials comparing the therapeutic efficacy of 
PPls versus H2RAs and cisapride in patients with NERD. In 
one study, 60% of patients treated with omeprazole had 
relief of heartburn, versus 40% of those receiving H2RAs 
(79).. In that study, >50% of patients were maintained in 
remission with omeprazole, versus <30% of those patients 
receiving ranitidine. Similarly, in a study in the US, lanso- 
prazole has also been shown to be more effective than 
ranitidine in relieving symptoms of reflux in patients with- 
out esophagitis (80). Similar therapeutic superiority for PPls 
has been shown in another trial comparing omeprazole to 
cisapride (83). In that study, 63% of omeprazole patients 
were free of heartburn at 4 wk, versus 46% of those receiv- 
ing cisapride. These results that demonstrate superiority of 
omeprazole over placebo in patients with NERD have also 
been confirmed in recent US studies (82). 

Although further studies are needed to clarify the efficacy 
of agents in NERD, certain conclusions can be made based 
on the evidence available in the literature. First, the thera- 
peutic efficacy of antisecretory agents seems overall to be 
lower in patients with NERD compared to those with ero- 
sive esophagitis. Whether this is related to the inclusion of 
patients without GERD in these studies (thus diluting a 
treatment effect) or whether it is attributable to some other 
factor is unclear. Second, the hierarchy of efficacy of ther- 
apy (PPI efficacy is greater than that of H2RA/prokinetics, 
which is greater than lifestyle modifications alone) that is 
seen in patients with erosive esophagitis is comparable for 
patients with NERD. Third, patients with NERD demon- 
strate a similar lack of efficacy to H2RAs, as do those with 
erosive esophagitis. The results of surgery in patents with 
NERD have been thought by many clinicians to be poorer 
than the results obtained in patients with esophagitis. How- 
ever there are few data to support this clinical impression. It 
is likely that patients selected for surgery based on complete 



symptom response to antisecretory therapy will have symp- 
tom outcomes similar to those seen with csophagitis. NERD 
patients who do not respond to antisecretory therapy are 
unlikely to have an optimal response to antireflux surgery. 
Controlled trials of antireflux surgery are needed to deter- 
mine the role of this therapy in patients with NERD. 

ECONOMICS OF ENDOSCOPY NEGATIVE REFLUX DISEASE 

The costs of managing chronic disease are of increasing 
importance in an era of constrained resources. Determining 
the optimal therapy for patients with NERD is a growing 
area of interest and research. 

Costs of Reflux Disease in the United States 
Acid-related disorders are common problems in the US, and 
GERD is the most prevalent of these disorders. Given the 
frequency of the condition, there are surprisingly few data 
on the total cost of managing reflux disease. In large mea- 
sure, this is because information systems used in most 
institutions are not able to capture disease-specific costs 
throughout the entire episode of care. Levin et al (83) 
reported the cost of managing reflux disease in a managed 
care organization in California (Kaiser Permancntc of 
Northern California) and calculated the GERD-related costs 
in a cohort of 1500 patients with acid-related disorders. The 
total annual HMO expenditures for acid-related disorders 
was $59 million for a membership of 2.4 million members. 
The total annual direct cost of managing a GERD patient 
was $4574 with a total pharmacy cost of $491, outpatient 
costs or $2403 (pharmacy, outpatient visits, etc.), and inpa- 
tient costs of $1680. With adjustment of the data to deter- 
mine the costs attribulible to GERD separately, the total cost 
of managing GERD was $471 per person, with pharmacy 
costs accounting for $156 of this amount and outpatient 
costs accounting for $279; in comparison, inpatient costs 
were small at $35/per person. In the first 6 months after the 
diagnosis, outpatient costs remain the highest component 
cost of GERD management, accounting for a large propor- 
tion of the adjusted costs ($246 out of a total of $289). 

Outpatient Costs 

Outpatient costs of managing GERD are related to office 
visits and endoscopic or radiological procedures. GERD is 
one of the most frequent indications for upper endoscopy in 
the United States. In a large database of > 17,000 endo- 
scopic procedures, GERD was the third leading indication 
for endoscopy (84). With the understanding of the frequency 
of endoscopy-negative reflux disease, it has become appre- 
ciated that endoscopy may fail to establish a diagnosis of 
reflux disease, and alternative strategies have been pro- 
posed. Chief among these is a trial of therapy in primary 
care settings. Several studies have compared a short trial of 
acid inhibitory therapy as a diagnostic test for reflux disease 
to investigations such as a 24-h esophageal pH monitoring 
or endoscopy. They found that a trial of therapy may be an 
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effective method to diagnose patients with suspected reflux 
disease who present with symptoms of heartburn or chest 
pain. Ofrnan et al reported the cost-effectiveness of the 
omeprazole test in patients with noncardiac chest pain (85). 
In patients with a cardiac cause excluded by comprehensive 
cardiac evaluation, the omeprazole test with no subsequent 
investigations for patients who respond, and with sequential 
testing with ambulatory 24-h esophageal pH monitoring, 
esophageal manometry, and endoscopy reserved for patients 
who do not respond, was the most effective and least ex- 
pensive strategy. Using a selective strategy of investigation 
in nonresponders to a trial of a proton pump inhibitor, the 
authors calculated that a 43% reduction in procedures would 
result and that the cost-savings would be $454 per patient 
compared with a strategy of beginning with endoscopy 
followed by pH testing and esophageal manometry. Simi- 
larly, in patients with suspected reflux disease, the omepra- 
zole test was estimated to reduce the number of endoscopies 
performed by 64% and the number of pH studies by 53%, 
with $348 saved per patient evaluated (86). Similarly in 
asthmatic patients, cost-effectiveness analysis suggests that 
a trial of therapy with omeprazole 20 mg/day for 3 months, 
with 24-h esophageal pH monitoring reserved for nonre- 
sponders, was cost-effective (87). 

Sonnenberg et al performed a decision analysis compar- 
ing empirical therapy versus diagnostic testing in GERD 
(88). Empirical therapy was cost saving, with investigation 
reserved for nonresponders, despite the cost associated with 
an occasional incorrect diagnosis. However, as the duration 
of therapy becomes longer (> 10 yr in this particular model), 
investigation becomes more meaningful because mainte- 
nance therapy in patients who do not need therapy increases 
costs. Again, because of the relatively high cost of surgery, 
a specific diagnosis is favored in this subgroup of patients. 

Is Endoscopy Useful in Managing Therapy? 
Recent studies have examined the role of endoscopy in the 
management of patients with GERD. In a prospective study 
of 664 patients with symptoms of GERD who were under- 
going upper endoscopy in clinical practice, 74% of patients 
who had Barretts esophagus or erythema, erosions or ul- 
ceration at endoscopy had an increase in therapy after en- 
doscopy (89). In contrast, 35% of patients who had a normal 
endoscopy had an increase in therapy. These data suggest 
that endoscopy may influence the treatment prescribed by 
physicians. However the increase in treatment in most cases 
was based on persistent symptoms or on findings in the 
stomach or duodenum. Blustein et al evaluated the utility of 
endoscopy in a large group of 742 patients. In all, 68% of 
patients who were still symptomatic on H2Ras were 
switched to omeprazole regardless of the findings at endos- 
copy, whereas 47% of patients taking omeprazole were 
maintained on the same therapy regardless of the findings at 
endoscopy (90). Endoscopy therefore had a limited role in 
determining therapy. 



Relief of Anxiety With Endoscopy 
In dyspepsia, it has been suggested that endoscopy may 
relieve anxiety and reduce subsequent health care use (91). 
These data are based on uncontrolled studies of small groups 
of patients. Other studies have shown a short-term improve- 
ment in quality of life after endoscopy in dyspeptic patients 

(92) . A recent study in a large cohort of patients suggested 
that patients with a high degree of anxiety before endoscopy 
continued to have high degrees of anxiety after a normal 
endoscopy and reassurance from the endoscopists. Patients 
with low levels of anxiety did not obtain significant benefit 

(93) . A subgroup of patients with moderate anxiety did 
demonstrate lasting improvement of anxiety after a normal 
endoscopy. Endoscopy may therefore be useful in very 
selected patients for the relief of anxiety, and may be helpful 
in anxious patients with atypical symptoms of GERD, e.g., 
chest pain. 

* 

Pharmacy Costs 

A number of economic models have examined the cost- 
effectiveness of treatment strategies for the management of 
erosive esophagitis, but there are few economic analyses on 
management strategies in endoscopy-negative reflux dis- 
ease. Economic models that arc directed at erosive esoph- 
agitis have limited applicability to unselected patients in 
primary care. Sonnenberg et al examined a stepwise ap- 
proach to the management of GERD in the VA system. 
They evaluated a stepwise strategy beginning with a generic 
H2RA; patients who failed to respond were treated with a 
higher dose of H2RA therapy, and those who still failed to 
respond were treated with proton pump inhibitors (step-up 
therapy) (94). This economic model suggested that an av- 
erage of $91 6 per patient could be saved every 5 yr by using 
a step-up strategy. In contrast, preliminary data from a 
clinical trial in primary care suggest that neither step-up or 
step-down therapy provided optimal control of heartburn 
over a 20-wk period (95). Recently a multicenter, random- 
ized, open-label trial was performed in patients with symp- 
toms of GERD in primary care practices in West Virginia. 
A total of 268 patients were randomized to received ome- 
prazole 20 mg once a day or ranitidine (brand-name) 1 50 mg 
b.i.d. for up to 6 months. At 6 months, there was no signif- 
icant difference in total costs between the groups, but symp- 
toms were better controlled in the omeprazole group (96). 
These data suggest that effective therapies, which are more 
expensive to acquire, may still be cost-effective over rela- 
tively short periods of time because their higher efficacy 
decreases outpatient costs related to treatment failure. 

As the natural history of endoscopy negative reflux dis- 
ease is benign, control of symptoms is the principal deter- 
minant of the success of therapy. To reduce the cost of 
chronic maintenance therapy, alternate forms of mainte- 
nance therapy are being attempted in nonerosive reflux 
disease. New techniques of maintenance therapy offer sig- 
nificant advantages. These techniques consist of dose reduc- 
tion or intermittent use of medication to reduce costs while 
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still achieving the goal of symptom relief. In a recent study, 
677 patients with endoscopy-negalive or mild-to-moderatc 
erosive GERD in primary care were randomized to raniti- 
dine 150 mg h.i.d., low-dose omeprazole (10 mg/day), or 
standard dose omeprazole (20 mg/day) for 2 wk (97). If they 
had symptom relief they continued with the maintenance 
phase of the study, in which they received 2-wk courses of 
intermittent therapy with the regimen that had worked in the 
first instance. At the end of 1 yr of maintenance therapy, half 
of the patients did not require treatment for at least 6 months 
of the study period and had good control of symptoms, thus 
substantially reducing the cost of maintenance therapy. A 
cost analysis based on this study found no difference be- 
tween the cost of the omeprazole and ranitidine arms, using 
cost assumptions from a number of European countries that 
were part of the trial. These data suggest that on a cost basis, 
there is little to be gained from a step-up approach to 
treating NERD (98). 

Another alternative is to give on-demand therapy, thereby 
reducing the amount of medication being used. In one study, 
424 patients with endoscopy negative reflux disease were 
randomized to placebo or PP1 (omeprazole 20 mg or ome- 
prazole 10 mg) on demand (99). At 6 months follow-up, 
29% of patients had failed to respond to on-demand therapy 
and needed daily maintenance therapy. However 83% of 
patients randomized to on-demand therapy with omeprazole 
20 mg a day were satisfactorily maintained over the 6-month 
time frame. The mean number of omeprazole capsules used 
per day was 0.43, suggesting that the total medication use 
was reduced by approximately 50%. In the future, patients 
with NERD will increasingly be managed with alternative 
forms of maintenance therapy. Some conclusions regarding 
the economics of NERD can be made from the available 
data. First, the cost of managing all forms of reflux disease 
is high. Second, outpatient costs are the major component of 
the management costs of NERD. Third, endoscopy — al- 
though useful for diagnosis — has little role in management, 
which is driven by symptoms. Fourth, new methods of PPI 
administration may be an interesting new option in the 
management of NERD, combining highly effective therapy 
with less frequent administration, thereby reducing cost. 

In conclusion, NERD is a common condition in primary 
care. Many patients with NERD have moderate-to-severe 
symptoms and significant impairment in the quality of life. 
Therapy with acid-suppressive agents results in complete 
resolution of symptoms in the majority of patients and 
restores quality of life. Current data from surgical studies 
are inadequate to determine whether surgical therapy results 
in better or worse outcomes than medical therapy. Alterna- 
tive methods of treatment including on-demand therapy and 
intermittent therapy deserve further study and may help to 
reduce the costs of maintenance therapy. 



Reprint requests and correspondence: Nimish Vakil, M.D., Uni- 
versity of Wisconsin Medical School, Sinai Samaritan Medical 



Center, 945 North 12th Street, Room 4040, Milwaukee. VVI 53233- 
1305. 

Received June 14. 2000; accepted Oct. 6, 2000. 



REFERENCES 

1. Locke CR, Talley NJ, Fett SL, et al. Prevalence and clinical 
spectrum of gastroesophageal reflux: A population based study 
in Olmstead County, Minnesota. Gastroenterology 1 997; 1 1 2: 
1448-56. 

2. Fennerty MB. Extraesophageal gastroesophageal reflux dis- 
ease. Presentations and approach to treatment. Gastroenterol 
Clin North Am 1999;28:861-73. 

3. Lundell LR, Dent J, Bennett JR, et al. Endoscopic assessment of 
oesophagitis: Clinical and functional correlates and further vali- 
dation of the Los Angeles classification. Gut 1999;45:172-80. 

4. Hctzel DJ, Dent J, Reed W, et al. Healing and relapse of severe 
peptic esohagitis after treatment with omeprazole. Gastroen- 
terology 1988;95:903-12. 

5. Dimenas E. Methodologic aspects of evaluation of quality of 
life in upper gastrointestinal disease. Scand J Gastroenterol 
1993;28:18-21. 

6. Richter JE, Baldi F, Clouse R, et al. Functional esophageal 
disorders. In: Drossman DA. Functional gastrointestinal dis- 
orders. Boston: Little, Brown, 1994:25-70. 

7. Fass R, Fennerty MB, Ofman JJ, et al. The clinical and 
economic value of a short course of omeprazole in patients 
with non-cardiac chest pain. Gastroenterology 1 998; 1 1 5:42-9. 

8. Schenk BE, Kuipers EJ, Klinkenberg-KnorEC, et al. Ome- 
prazole as a diagnostic tool in gastroesophageal reflux disease. 
Am J Gastroenterol 1997;92:1997-2000. 

9. Watson RGP, Tham TCK, Johnston BT. et al. Double blind 
cross-over placebo controlled study of omeprazole in the treat- 
ment of patients with reflux symptoms and physiological levels of 
acid reflux the "sensitive oesophagus/' Gut 1997;40:587-90. 

10. Klauser AF, Schindlbeck NE, Muller-Lissner SA. Symptoms 
in gastro-oesophageal reflux disease, Lancet 1990;335:205-8. 

1 1. Johansson KE, Ask P, Boeryd B, et al. Oesophagitis, signs of 
reflux, and gastric acid secretion in patients with symptoms of 
gastro-oesophageal reflux disease. Scand J Gastroenterol 
1986;21:837-47. 

12. Winters C, Spurling TJ, Chobanian SJ, et al. Barrett's esoph- 
agus. A prevalent, occult complication of gastroesophageal 
reflux disease. Gastroenterology 1987;92:118-24. 

1 3. Kitchin LI, Castell DO. Rationale and efficacy of conservative 
therapy for gastroesophageal reflux disease. Arch Intern Med 
1991;151:448-54. 

14. Lind T, Havelund T, Carlsson R, et al. Heartburn without 
oesophagitis: Efficacy of omeprazole therapy and feanires 
determining therapeutic response. Scand J Gastroenterol 1997- 
32:974-9. 

15. Jones RH, Hungin ADS, Phillips J, et al. Gastroesophageal 
reflux disease in primary care in Europe: Clinical presentation 
and endoscopic findings. Eur J Gen Pract 1995;1:149-54. 

1 6. Robinson M, Earnest D, Rodriguez-Stanley S, et al. Heartburn 
requiring frequent antacid use may indicate significant illness. 
Arch Intern Med 1998;156:2373-6. 

17. Pace F, Santalucia F, Bianchi Porro G. Natural history of 
gastro-oesophageal reflux disease without oesophagitis. Gut 
1991;32:845-8. 

18. Trimble KC, Douglas S, Pryde A, Heading RC. Clinical char- 
acteristics and natural history of symptomatic but not excess 
gastroesophageal reflux. Dig Dis Sci 1995;40:1098-1104. 

1 9. Grundy D, Scratcherd T. Sensory affercnts from gastrointes- 
tinal tract. In: Schultz SG, Wood JD, Rauner BB, eds. Hand- 



AJG - February, 2001 W W Noneros|ve Ref|ux ^ 



313 



book of physiology, volume I. New York: Oxford University 
1989:593-620. 

20. Rodrigo J, Hernandez CJ, Vidal MA, et al. Vegetative inner- 
vation of the esophagus. 111. Intraepithelial endings. Acta Anat 
1975;92:242-58. 

21. Rodrigo J, Hernandez CJ, Vidal MA, et a). Vegetative inner- 
vation of the esophagus. II. Intragangiionic laminar endings. 
Acta Anat 1975;92:79-100. 

22. Sengupta JN, Gebhart GF. Gastrointestinal afferent fibers and 
sensation. In: Johnson LR, ed. Physiology of the gastrointes- 
tinal tract, 3rd ed. New York: Raven, 1994:483-519. 

23. Randich A. Visceral nerve stimulation and pain modulation. 
In: Mayer EA, Raybould HE, eds. Basic and clinical aspects of 
chronic abdominal pain. Amsterdam: Elsevier, 1993:126-39. 

24. Tougas G, Kamath MV, Garnett S, et al. Mapping of cerebral 
response to vagal and esophageal stimulation using positron 
emission tomography (PET) and topography EEG in humans. 
Gasteroenterolgy 1994;106:A486 (abstract). 

25. Mayer EA, Gebhart GF. Basic and clinical aspects of visceral 
hyperalgesia. Gastroenterology 1994;107:271-93. 

26. Ferreira KG, Hill BS. The effect of low external pH on 
properties of the paracellular pathway and junctional structure 
in frog skin. J Physiol 1982;332:59. 

27. Hopwood D, Milne G, Logan KR. Electron microscopic 
changes in human oesophageal epithelium in oesophagitis 
J Pathol 1979;129:I61. 

28. Tobey NA, Carson JL, Alkiek RA, et al. Dilated intercellular 
spaces: A morphological feature of acid reflux-damaged hu- 
man esophageal epithelium. Gastroenterology 1 996; 111:1 200. 

29. Orlando RC. Pathophysiology of gastroesophageal reflux dis- 
ease. In: Castell DO, Richter JE, eds. Esophagus, 3rd ed. 
Philadelphia: Lippincott Williams & Wilkins, 1999:409-19. 

30. Johnsson F, Weywadt L, Solhaug J-H, et al. One-week ome- 
prazole treatment in the diagnosis of gastro-oesophageal reflux 
disease. Scand J Gastroenterol 1998;33:15-20. 

31. Fass R, Fennerty MB, Yalam JM, et al. Evaluation of the 
omeprazole test in patients with typical symptoms of gastro- 
esophageal reflux disease (GERD). 1997;1 12:A1 14. 

32. Weiner GJ, Morgan TM, Copper JB, et al. Ambulatory 24- 
hour esophageal pH monitoring: Reproducibility and variabil- 
ity of pH parameters. Dig Dis Sci 1988;33:1 127-33. 

33. Weiner GJ, Richter JE, Copper JB, et al. The symptom index: A 
clinically important parameter of ambulatory 24-hour esophageal 
pH monitoring. Am J Gastroenterol 1988;83:358-61. 

34. Singh S, Richter JE, Bradley LA, et al. The symptom index: 
Differential usefulness in suspected acid-related complaints of 
heartburn and chest pain. Dig Dis Sci 1993;38:1402-8. 

35. Johnston BT, McFarland RJ, Collins JSA, et al. Symptom 
index as a marker of gastro-oesophageal reflux disease Br J 
Surg 1992;79:1054-5. 

36. Smith JL, Opekun AR, Larkai E, et al. Sensitivity of the 
esophageal mucosa to pH in gastroesophageal reflux disease. 
Gastroenterology 1989;96:683-9. 

37. Fass R, NalibofTB, Higa L, et al. Differential effect of long-term 
esophageal acid exposure on mechanosensitivity and chemosen- 
sitivity in humans. Gastroenterology 1998;115:1363-73. 

38. Fass R, Pulliam G. Chemosensitiviry to acid in patients with 
persistent heartburn on standard doses of proton pump inhib- 
itor and normal 24-h esophageal pH monitoring. Gastroenter- 
ology 1 999; 1 1 6: A 1 59 (abstract). 

39. Niemajitsverdriet EC, Timmer R, Breumelhof R, et al. Segmental 
acid sensitivity of the esophagus in patients with endoscopy- 
negauve GERD. Gastroenterology 1997;! 12.A237 (abstract). 

40. Kaul B, Peterson H, Grette K, et al. The acid perfusion test in 
gastroesophageal reflux disease. Scand J Gastroenterol 1986* 
21:93-6. 

41. Trimble KC, Pryde A, Heading RC. Lowered oesophageal 



sensory thresholds in patients with symptomatic but not excess 
gastro-oesophageal reflux: Evidence for a spectrum of visceral 
sensitivity in GORD. Gut 1995;37:7-12. 

42. Pehlivanov ND, Liu J, Mittal R. Sustained esophageal 
contraction: A motor correlate of heartburn symptom. Gastro- 
enterology 1 999; 1 1 6.G46 1 3 (abstract). 

43. Baldi F, Ferrarini F, Longanesi A, et al. Acid gastroesophageal 
reflux and symptom occurrence: Analysis of some factors 
influencing their association. Dig Dis Sci 1989;12:1890-3. 

44. Lembo A, Naliboff B, Munakata J, et al. Intraduodenal fat 
alters perceptual and autonomic responses to acid perfusion of 
the esophagus in GERD patients. Gastroenterology 1998:1 14: 
G08 19 (abstract). 

45. A gallup survey on heartburn across America. Princeton, NJ: 
The Gallup Organization, 1988, 

46. Cook 1J, Collins SM. Does acute emotional stress influence 
frequency or duration of gastroesophageal reflux in human 
subjects? Gastroenterology I986;90:1380 (abstract). 

47. Bradley LA, Richter JE, Pulliam TJ, et al. The relationship 
between stress and symptoms of gastroesophageal reflux: The 
influence of physiological factors. Am J Gastroenterol 199V 
88:11-9. 

48. McDonald-Haile J, Bradley LA, Bailey MA, et al. Relaxation 
training reduces symptom reports and acid exposure in pa- 
tients with gastroesophageal reflux disease. Gastroenterolocv 
1994;107:61-9. 

49. Johnston BT, McFarland RJ, Collins JSA, et al. Effect of acute 
stress on oesophageal motility in patients with gastro-oesoph- 
ageal reflux disease. Gut 1996;38:492-7. 

50. Richter JE, Bradley LC Psychophysiological interactions in 
esophageal diseases. Semin Gastrointest Dis 1996;7:169-84. 

51. Baker LH, Lieberman D, Oehlke M. Psychological distress in 
patients with gastroesophageal reflux disease. Am J Gastro- 
enterol 1995;90:1797-1803. 

52. Johnston BT, Lewis SA, Collins JSA, et al. Acid perception in 
gastro-oesophageal reflux disease is dependent on psycholog- 
ical factors. Scand J Gastroenterol 1995;30:1-5. 

53. Kahrilas PJ, Dodds WJ, Hogan WJ, et al. Esophageal peristal- 
tic dysfunction in peptic esophagitis. Gastroenterology 1986 
91:897-904. 

54. Castell DO. pH monitoring versus other tests for gastroesoph- 
ageal reflux disease: Is this the gold standard? In: Richter JE. 
Ambulatory esophageal pH monitoring: Practical approach 
and clinical observations, 2nd ed. Baltimore: Williams & 
Wilkins, 1997:107-118. 

55. Demeester TR, Wang CI, Wernly JA, et al. Technique, indi- 
cations, and clinical use of 24 hour esophageal pH monitoring. 
J Thorac Cardiovasc Surg 1980;79:656-70. 

56. Klauser AG, Heinrich C, Schindlbeck NE, et al. Is long-term 
esophageal pH monitoring of clinical value? Am J Gastroen- 
terol 1989;84:362-6. 

57. Vaezi MF, Richter JE. Role of acid and duodenogastroesopha- 
geal reflux in gastroesophageal reflux disease. Gastroenterol- 
ogy 1996;111:1192-9. 

58. DeVault KR, Castell DO, and the Practice Parameters Com- 
mittee of the American College of Gastroenterology. Updated 
guidelines for the diagnosis and treatment of gastroesophageal 
reflux disease. Am J Gastroenterol 1999;94:1434-42. 

59. Schindlbeck NE, Klauser AG, Voderholzer WA, et al. Empiric 
therapy for gastroesophageal reflux disease. Arch Intern Med 
1995;155:1808-12. 

60. Sampliner RE, and the Practice Parameters Committee of the 
American College of Gastroenterology. Practice guidelines on 
the diagnosis, surveillance, and therapy of Barrett's esopha- 
gus. Am J Gastroenterol 1998;93:1028-32. 

6 1 . Inflammatory disorders of the esophagus, reflux and nonrefiux 
types. In: Lewin KJ, Riddel! RH, Weinstein WM. Gastroin- 



314 



Fass et ai 



AJG - Vol. 96, No. 2. 2001 



testinal pathology and its clinical implications. New York: 
Igaku-Shoin, 1992:401-39. 

62. Funch-Jensen P, Kock K, Christensen LA, et al. Microscopic 
appearance of the esophageal mucosa in a consecutive series 
of patients submitted to upper endoscopy. Correlation with 
gastroesophageal reflux symptoms and macroscopic findings. 
Scand J Gastroenterol 1986;21:65-9. 

63. Schindlbeck NE, Weibecke B, Klauser AG, et al. Diagnostic 
value of histology in non-erosive gastro-oesophageal reflux 
disease. Gut 1996;39:151-4. 

64. Kahrilas PJ, Quigley EMM. American Gastrointestinal Asso- 
ciation medical position statement: Guidelines on the use of 
esophageal pH recording. Gastroenterology 1996;110:1981-96. 

65. Fass R, Ofman JJ, PulHam G, et al. Persistent symptoms of 
heartburn in patients on standard doses of proton pump inhib- 
itors (PPI) are not due to acid reflux in most patients. Gastro- 
enterology 1 999; 1 1 6:G0694. 

66. Tew S, Jamieson GG, Pilowsky I, et al. The illness behavior 
of patients with gastroesophageal reflux disease with and with- 
out endoscopic esophagitis. Dis Esophagus 1997;10:9-15. 

67. Chai K, Stacey J, Sacks G. The effects of ranitidine on symp- 
tom relief and quality of life of patients with gastroesophageal 
reflux disease. Br J Clin Pract 1995;49:73-7, 

68. Glise H. Quality of life and cost of therapy in reflux disease. 
Scand J Gastroenterol 1995;30:210:38-42. 

69. Rust D, Stelmach J, Young T, et al. Clinical effectiveness and 
quality of life with ranitidine vs. placebo in gastroesophageal 
reflux disease patients: Clinical experience network study. J 
Fam Pract 1995;41:126-36. 

70. Revicki D, Wood M, Maton P, et al. The impact of gastro- 
esophageal reflux disease on health related quality of life. 
Am J Med 1998;104:252-8. 

71. Carlsson R, Dent J, Watts R, et al. Gastro-oesophageal reflux 
disease in primary care: An international study of different 
treatment strategies with omeprazole. Eur J Gastroenterol 
Hepatol 1998;10:119-24. 

72. Havelund T, Lind T, Wiklund 1, et al. Quality of life in patients 
with heartburn but without esophagitis: Effects of treatment 
with omeprazole. Am J Gastroenterol 1999;94:1782-9. 

73. Fennerty MB, Lieberman D. H2-receptor antagonists in the 
treatment of complicated gastroesophageal reflux disease. For 
whom the bell tolls. Gastroenterology 1994;107:1545-8. 

74. Sabesin SM, Berlin RG, Humphries TJ, et al. Famotidine 
relieves symptoms of gastroesophageal reflux disease and 
heals erosions and ulcerations. Results of a multicenter, pla- 
cebo-controlled, dose ranging study. Arch Intern Med 1991; 
151:2394-400. 

75. Kahrilas PJ, Fennerty MB, Joelsson B. High versus standard- 
dose ranitidine for control of heartburn in poorly-responsive 
gastroesophageal reflux disease: A prospective controlled trial, 
Am J Gastroenterol 1999;94:92-7. 

76. Hatlebakk JG, Johnsson F, Vilien M, et al. The effect of 
cisapride in maintaining symptomatic remission in patients 
with gastroesophageal reflux disease. Scand J Gasteroenterol 
1997;32:1100-6. 

77. Chiba N, De Gara CJ, Wilkinson JM, et al. Speed of healing and 
symptom relief in grade II to IV gastroesophageal reflux disease: 
A meta-analysis. Gastroenterology 1997;112:1798-810. 

78. Bate CM, Griffin SM, Keeling PWN, et al. Reflux symptom 
relief with omeprazole in patients without unequivocal esoph- 
agitis. Aliment Pharmacol Ther 1996;10:547-55. 

79. Venables TL, Newland RD, Patel AC, et al. Omeprazole lOmg 
once daily, omeprazole 20mg once daily or ranitidine 150mg 
twice daily, evaluated as initial therapy for the relief of symp- 
toms of gastroesophageal reflux in general practice. Scand J 
Gastroenterol 1997;32:965-73. 

80. Richter JE, Campbell DR, Kahrilas PJ, et al. Lansoprazole 



compared with ranitidine for the treatment of nonerosive gas- 
troesophageal reflux disease. Arch Intern Med 2000; 160: 
1803-9. 

81. Galmiche JP, Barthelemy P, Hamelin B. Treating the symp- 
toms of gastroesophageal reflux disease: A double-blind com- 
parison of omeprazole and cisapride. Aliment Pharmacol Ther 
1997;11:765-73. 

82. Richter JE, Peura D, Benjamin SB, et al. Efficacy of omepra- 
zole for the treatment of symptomatic acid reflux disease 
without esophagitis. Arch Intern Med 2000;160:1810-6. 

83. Levin TR, Schmittdiel JA, Kunz K, et al. Costs of acid reflux 
disorders to a health maintenance organization. Am J Med 
1997;103:520-8. 

84. Lieberman DA, de Garmo P, Brodner R, et al. Why endoscopy 
is performed: Results of a national consortium. Gastrointest 
Endosc 1999;49:AB145(abstract). 

85. Ofman J, Gralnek 1, Udani J, et al. The cost-effectiveness of 
the omeprazole test in patients with non-cardiac chest pain. 
Am J Med 1999;107:219-27. 

86. Fass R, Ofman JJ, Gralneck IM, et al. Clinical and economic 
assessment of the omeprazole test in patients with symptoms 
suggestive of gastroesophageal reflux disease. Arch Intern 
Med 1999;159:2161-8. 

87. O'Connor JF, Singer ME, Richter JE. The cost-effectiveness 
of strategies to assess gastroesophageal reflux as an exacer- 
bating factor in asthma. Am J Gastroenterol 1999;94:1472-80. 

88. Sonnenberg A, Dclco F, El-Serag H. Empirical therapy versus 
diagnostic tests in gastroesophageal reflux disease. Dig Dis Sci 
1998;43:1001-8. 

89. Ellis K, Oehlke M, Helfand M, et al. Management of symp- 
toms of gastroesophageal reflux disease: Does endoscopy in- 
fluence medical management? Am J Gastroenterol 1997*92- 
1472-9. 

90. Blustein PK, Beck PL, Meddings JB, et ai. The utility of 
endoscopy in the management of patients with gastroesopha- 
geal reflux symptoms. Am J Gastroenterol 1998;93:2508-12. 

91. Jones R. What happens to patients with non-ulcer dyspepsia 
after endoscopy? Practitioner 1988;232:75-8. 

92. Wiklund I, Glise H, Jerndal P, et al. Docs endoscopy have a 
positive impact on quality of life in dyspepsia? Gastrointest 
Endosc 1998;47:449-54. 

93. Lucock MP, Morley S, Peake MD. Responses of consecutive 
patients to reassurance after gastroscopy: Results of self ad- 
ministered questionnaire survey. Br Med J 1997;313:572-5. 

94. Sonnenberg A, Indaomi J, Becker L. Economic analysis of 
step-wise treatment of gastro-esophageal reflux disease. Ail- 
ment Pharmacol Ther 1999;13:1003-13. 

95. Howden C, Lukasik N, Greski-Rose P, et ai. Heartburn. Is 
"step-up/step down" out of step, evidence from a large com- 
munity-based trial. Gastroenterology 1 999; 1 16.G0829 (ab- 
stract). 

96. Kaplan-Machitz B, Spiegler GE, Zodet MW, et al. Effective- 
ness and costs of omeprazole vs ranitidine for treatment of 
symptomatic gastroesophageal reflux disease in primary clin- 
ics in West Virginia. Arch Fam Med 2000:9:624-30. 

97. Bardhan KD, Muller-Lissner S, Bigard M, et al. Symptomatic 
gastro-esophageal reflux disease: Double blind controlled 
study of intermittent treatment with omeprazole or ranitidine 
Br Med J 1999;318:502-7. 

98. Stalhammer NO, Carlsson J, Peacock R, et al. Cost- effective- 
ness of omeprazole and ranitidine in intermittent treatment of 
symptomatic GERD. Pharmacoeconomics 1999;16:485-97. 

99. Lind T, Havelund T, Lundell L, et al. On demand therapy with 
omeprazole for the long-term management of patients with 
heartburn without esophagitis— A placebo-controlled random- 
ized trial. Ailment Pharmacol Ther 1999;13:907-14. 



Best Available Copy 



19874 

•contained^, in : t#e monograph, Products 
% l'ch,do not. meet both of' these require-- 
\ts shall be subject to the requlre- 
,ts for. Category I. products. Xt testing 
.... promptly undertaken but data ade- 
quate: jto prove effectiveness are not sub- 
mitted to the Febd and Drug Adminis- 
trat!6n within the 2 -year period, the 
ingredients listed In ibis category will 
no. longer be permitted, even lh.a prod- 
uct that meets the in. vitro antacid 
effectiveness standard, because of a lack 
of evidence that these ingredients make 
a meaningful contribution to the claimed 
. effect for the product. 

i. Alginic acid. Although the ingestion 
. of alginic acid -containing products may 
produce a layer of material floating on 
top of the gastric, contents, the available 
evidence is insufficient to demonstrate 
clinical, effectiveness. The studies are 
fragmentary, uncontrolled, and few in 
number. No evidence is presented as to 
reproducibility of results. There is in- 
sufficient evidence that alginic acid-con- 
taining antacid products, even if they 
do. produce ! a boating layer on top . of 
the gastric contents., are clinically bene- 
ficial.. Indeed, such evidence, as there is 
indicates that these products do not in- 
crease the pH.of gastric contents as a 
whole.. Since regurgitation of gastric con. 
tents is particularly apt to occur when 
patients are lying down rather, than In 
the upright position, alginic acid-con- 
taining products may be less beneficial 
than a standard antacid which is more 
likely to increase the pH throughout the 
gastric contents. 
* ^lnic acid- is safe in amounts usually 
. orally (e.g., 4 grams per day) in 
'd.prbducts, 

Attapulgite : (activated) . This Jn-r 
rredient Is safe in the amdunts usually 
.aken. orally in antacid, products. 

3. 'Charcoal, .activated. Charcoal Is 
jresently "considered safe in amounts 
isually. taken drajly in antacid products, 
>ut study Is specifically needed to de- 
ermine whether the charcoal used con- 
ains beh2pyrene' or methylcholanthrane 
ype carcinogens. Since charcoal- con- 
fining products., may decrease absorp- 
lon bf certain oral drugs, the label shall 
ear the f dUowlng drug interaction pre- 
lution: '-Drug Interaction Precautions: 
•o not take this product if ybu are pres- 
itly. ' tilting any prescription drug." 

4. Gastric, mucin,. This ingredient is. 
ife in. the amounts usually taken orally 

i antacid-products. 

5. Kaolin. Kaolin is safe in amounts 
mally .taken orally in antacid products, 
nee. kaolin affects gastro-intestina! ab- 
Tption, kaolin interferes with, the ab- 
rption of lincomycin, and therefore the 
bel ihLall bear the following drug. In ter- 
tion precaution: -Drug Interaction 
•eoautions: Do hot take, this product if 
u are presently taking a prescription, 
.tibiotic drug coritaifiing lincomycin.** 
8. MethylceUulose. MethylcelMose is 
fe In amounts usually . taken ©rally 

2 grams .per . .day In antacid 
oducte).^ . 



RULES- AND REGULATIONS 

7, Pectin Pectin la safe in the 
amounts usually taken orally in antacid 
products. . ■ . ; ':. ' *■ V. 

% Carboky meihylcellulose.. Carbbxy 
methylceflulose is safe in amounts usu- 
ally taken (e.fc, 3 -'grams per day) in ant- 
acid products. . 

. B. Labeling. Marketing under the fol r 
lowing labeling conditions may con- 
tinue for a. period of 2 years after the 
date of publication of this determina- 
tion subject to the . same requirements 
specified above for the use of Category 
ITJ ingredients. 

. 1. OTC products containing ingredi- 
ents listed in Category I or III are often 
used to treat symptoms that are not 
known to be related to acidity of gastric 
contents. These products may or may not 
qualify as antacids by the in vitro acid 
neutralizing test. The symptoms include 
i, lndigestion , \ "gas", "upper abdominal 
. pressure"; "full feeling", "nausea", "ex- 
cessive erructatiohs'V "upset stomach", 
and the like. Some of these symptoms 
are vague, most are poorly understood, 
as to pathophysiological mechanism, and 
none has been shown by adequate and 
reliable scientific evidence to be caused 
by or alleviated by changes In gastric 
acidity. 

2. Claims or indications which link 
certain signs and symptoms, such as 
"sour breath", "Upper abdominal pres* 
sure", "full feeling", "nausea", "stomach 
distress", "indigestion", "upset stomach", 
and "excessive eructations' 1 with normal 
or hypernormal gastric acidity, are un- 
proven since 'the relationship of such 
signs and symptoms to gastric acidity 
is unknown or dubious and there is no 
adequate and reliable scientific evidence 
to support these claims. Such claims or 
indications encourage the user to draw, 
conclusions as to* the cause or. interme- 
diation of such symptoms, a conclusion 
that even the medical profession is .inca- 
pable of drawing at this time. ' 
. 3.. The evidence currently available is 
inadequate to support thee claim that 
such properties as "floating", '"coating", 
defoaming", "demulcent", and "carmin- 
ative" contribute to the relief of Upper 
gastrointestinal symptoms. The contin- 
ued use of such claims, or ones . closely 
allied to them, requires additional stud- 
ies both to confirm the claimed specific 
action and to demonstrate clinical sig- 
nificance. 

Therefore, pursuant to provisions of 
the Federal Food. Drug, and Cosmetic 
Act (sees. 201, 502, 505, 701, 52 Stat. 1040- 
42 as amended, 1050-53 as amended, 
1055-66 as amended by 70 Stat. 919 and 
72 Stat. 948; 21 U.S.C. 321, 352, 356, 371) 
and the Administrative Procedure Act 
(sees. 4, 5, 10, 60 Stat. 238 and 243. as 
amended; -5 U.8.C. 553, 654, 702, 703i 704) 
and under authority delegated to the 
Commissioner (21 CFR 2^120) and based 
upon the administrative record lh this 
proceeding, Title 21 of the Code, of Fed- 
eral Regulations is amended by adding 
Parts '331 and' 8S2. (formerly J §130*06 
and 180.308) <to Subchapter D to read as 
follows; -y 



Subpart A— General Provlalom 

Beo. v 
33 ta . Scope. 

Subpart B—Actlv« Ingredient* 

831.10 Antacid active ingredients. 

831.11 Listing ot epeo'lfio. ftctlve ingredients. 
331.16 Oomblnatton with non&ntaoid active 

• ingrediente. ' ' 

Subpart c — Testing Procedure* 

881.20 Apparatus and reagents. 
33l,ai ' Detennlnatton ot percent contribu- 
tion of active Ingredients. • 

831.22 Reagent standardization. 

831.23 Temperature standardization. . 

331.24 Tablet disintegration test. 
381.26 Prehmlnary antacid test. 
S31J38 Acid neutralizing capacity- test. 
331.39 Test modification*. 

Subpart D— Ubellng 

831 .30 Labeling ol antacid products. 

53 1.31 Profaseionallabellng.. 

Subpart Ar-Oenera) Provisions 

§331.1 Scope, 

An over-the-counter antacid product 
In a form suitable for oral administra- 
tion Is generally recognized' as safe and 
effective and Is hot ralsbranded If It 
meets each of the following conditions 
and each of the general conditions estab- 
Ushed in 5 330.1 of this chapter. 

Subpart B — Active Ingredients . 

§ 331.10 Antacid active ingredient*. 

(a) The active antacid ingredients of 
the product consist of one or more of the 
ingredients permitted in $ 331.11 within 
any maximum daily dosage limit estab- 
lished, each ingredient is included at a 
level that contributes at least 25 percent 
of the total acid neutralizing capacity of 
the. product, and the finished product 
contains at least 5 mEq. of acid neutral- 
izing capacity and results in a pH of 3.5 
or greater at the end of the 'initial 10- 
minute period as measured by the 
method established in 5 331.25. The 
method established in 8 331.21 shall be 
used to determine the percent confcribu-' 
tion of .each antacid active ingredient. 
■ (b) This section does not apply to an 
antacid ingredient specifically added as 
a corrective to prevent a. laxative or con- 
stipating effect. 

g 331.11 Listing of specific active in- 
gredients. - 

(a) Aluminum ^containing active In- 
gredients:. • 

.J (1) Aluminum carbonate. 

(2) Aluminum hydroxide (or as 
aluminum, hydroxide-hexltol stabilized 
polymer, aluminum hydroxlde-magne&l- 
um carbonate codrled gel, aluminum hy- 
droxide-magnesium trislUcate codried 
gel, aluminum-hydroxide • sucrose pow- 
der hydrated). 

(3) Dihydroxyaluminum aminoacetate 
and • dihydroxyaluminum aminoacetlc 
acid. " 

. (4) Aluminum phosphate, maximum 
daily dosage limit 8 grams. 

(5) DmydroxyaJummum sodium car?.. 
Donate. . "~ ; 

(b) Bicarbonate-containing active- in- 
gredients: Bicarbonate ion; maximum 
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daily dosage limit 200 mEq. for persona 
up to 60 years old and 100 mEq. for per- 
sona 60" years or older. 

<c) Bismuth-containing active ingre- 
dients: 

(1) Bismuth alurairiate, 

(2) Bismuth carbonate. 

(3) Bismuth fiubcarbohate." 
(4> Bismuth subgallate* 

(5) Bismuth subnitrate. 

(d) Calcium-ooritaining active In- 
gredients: .Calcium, as carbonate or 
phosphate; maximum daily dosage lim- 
■it 160 miEa.. calcium (e.g., 8 grams cal- 
cium carbonate), 

(e> Citrate-containing, active ingre- 
dients: Citrate ion, as citric acid or salt- 
maximum daily dosage limit 8 grams ' 

<f> Glycine (amlnoacetlc acid). 

Cg> Magnesium-containing active in- 
gredients: 

. (1) Hydrate magnesium aluminate ac- 
tivated sulfate. 
(2) Magaldrate. 

($) Magnesium aluminosilicates. 
(4) Magnesium carbonate. 
(6) Magnesium glycinate. 

(6) Magnesium hydroxide. 

(7) Magnesium oxide. 

(8) Magnesium trisllicate. 

(h) Mllfc solids, dried ' 

(i) Phosphate-containing active in- 
gredients: __1 

O ) Aluminum phosphate; maximum 
daily dosage limit 8 grams; 

(2) Mono or dibasic calcium salt- 
maximum daily dosage Umt a grams 

m Tricalclum phosphate: maximum 
daily dosage limit 24 grams. 

Cj) Potassium-containing active in- 
gredients: , 

■ (1) Potassium bicarbonate . (or car- 
bonate when used as* a component of an 
effervescent ^.preparation); maximum 
daily dosage limit 200 mEq. of bicarbon- 
ate ion for persons up to 60 years old 
and 100 mEq. of bicarbonate ion for per- 
sons 60 years or older. 

(2) Sodium potassium tartrate. 

(k> Sodium-containing active ingre- 
dients: 

<1> Sodium bicarbonate (or carbonate 
when used as a component of an effer- 
vescent preparation); maximum dally 
dosage limit 200 mEq.. of sodium for 
persons tip to 60 years old and 100 mEq. 
of sodium for persons 60 years or older 
and 200 mEq. of bicarbonate ion for 
persons up to 60 years old and 100 mEq 
or bicarbonate ion for persons 60 years 

Y*Jfl£i 7116 w ? rnln * squired by 
6 330.1(g) concerning overdoses Is not 



RULES AND REGULATIONS 

rect for constipation caused by the ant- 
acid, tto labeling claim of the laxative 
effect may be used for such a product. 

.(b) An antacid may contain any gen- 
erally recognized as safe and effective 
analgesic ingredient (s). If it Is indi- 
cated for use solely for the concurrent 
symptoms involved, e.g., headache and 
acid indigestion; and is marketed in a 
form intended for ingestion as a 
solution. , 

. (c) An antacid may contain any gen- 
erally recognized as safe and effective 
antiflatulent Ingredient If it is Indicated 
to use solely for the concurrent symp- 
toms of. gas associated with heartburn, 
• sour stomach or acid indigestion. 

Subpart C— -Testing Procedures 
§ 331.20 Apparatus and reagents. 

(a) pH meter, equipped with glass and 
saturated calomel electrodes.. 

(b) Magnetic stirrer; 

(c) Magnetic stirring bars (about 40 
mm. long and 10 mm. in diameter) 

. (d) 50 ml. buret. 

(e) Buret stand. • . 

(f) 100 ml. beakers. 

(g) 260 ml. beakers. 

calibrated to deliver. 



19875 

. 0) Tablet comminuting device* 

(J) A number 20 and 100.U.S. stand- 
ard mesh sieve. 

(k ) Tablet disintegration apparatus 
^O) 0.1 N, 0;6 N and 1.0.N;hydrochlofio 

(m) 0.5 N sodium hydroxide. 

^n n A^ dard pH 4 '° buffer solutlon ; 
(0 05 M potassium hydrogen, phthalate) ; . 

(o) 95 percent ethanol. 

(p) Distilled Water. 

§ 331.21 Determination of percent con. 
tribution of active ingredients. 
*o determine the percent contribution 
of an antacid active ingredient, place ah 
accurately weighed amount of the ant- 
acid active ingredient equal to the 
amount present in a unit dose of the 
product'into a 250 ml. beaker. If wetting 
is desired, add not more than 6 ml. of 
95 percent ethanol and,mix thoroughly : 
to wet the sample (ethanol may affect the 
..acid neutralizing capacity). Add water 
to a volume of 70' ml. and mix on mag- ■ 
netic stirrer at 3pp±30 r.p.m. Tor about 
one minute. Analyze the sample accord^ 
ing to the procedure set forth in 5 331.2* 
and calculate the percent contribution of 
the antacid active ingredient in the total 
product as follows: 



Percent contributions: ^^ mEq. Antacid Active IngredlentX loo 
, ' . Total mEq. Antacid Product : * 



§ 331.22 Reagent 8tandordi2ation. 

Standardize the sodium hydroxide 
(NaOH) and Hydrochloric acid (HC1) 
solutions according to the procedures in 
the United States Pharmacopeia XVIH 
(NaOH page 1030 and HC1 page 1034) or 
the Official Methods of Analysis of the 
Association of Official Analytical Chem- 

HGi page 8?3) ? 7 °' B76«id 
§ 331.23 Temperature standardization. 
^ All tests shall be conducted at 25* c± 

3 . 



(I) Silicates: . 
(1) Magnesium aiuminosilicatee 
(2> Magnesium trisllicate. 
(m) Tartrate-containing active ingre- 
dients. Tartaric acid or Its salts- 

maximum daily dosage limit 200'mEdi (15 
grams? of tartrate. 

§ 331.15 Combination with nonantacld 
active ingredients. ... ■ . 
(a> An antacid may contain any gen- 
erally recognized as safe and effective 
nonantacld iaxatjve ingredient to cpr- 



§331.24 Tablet disintegration test. 

A tablet disintegration test shall be 
performed on tablets that are not to be 
chewed following the procedures de- 
scribed in the United States Pharma- 
copela XVHI (page 032). if the label 
states the tablet may be swallowed. It 
must disintegrate within a 10-mlnute 
time limit pursuant to. the test procedure 
using simulated gastric fluid test solution 
without enzymes, the United States 
Pharmacopeia 3tvm page 1026, -rather 
than water as the Immersion fluid. 



§ 331.25 Preliminary antacid test. 

(a) vH meter. Standardize the pH 
meter at pH 4.0 with the standardize 

S? l" ^ 
.-i b 2, BPlwe form testing— (1) 
sample, place an accurately weig-hed 

^2^7 * nay be ob Wla*<t frpm: Association 
pt Official Analytical cheated P.O. Box 

^DpS®? mnUtn 6tettoa - W "»tog. 



J™?^ density) ana well mixed 
amount of the antacid product equivalent 
to the minimum labeled dosage- e a 5 
ml. into a 100 ml. beaker. Add suflfcle'nt 
water to obtain a total volume of about 
tn n '?in and on magnetic stirrer at 
2°„°Jf 30 £ p>m - for about on e minute. 
Analyze the. sample according to the pro- 
cedure set forth in J 331.26. 

.»£l,? h VS able and no *-chewable tablet 
sample Pi ace an accurately weighed 
amount of a tablet composite equivalent 

loo^fi m i n l mum J? beled dosage into a 
100 ml. beaker. (The composite shall be 
prepared by determining the average 
weight of not less than 20 tenets and 
toen comminuting the tablets sufficiently 
to pass through a number 20 U.8. stand- 

Soo dr ,^T„5 nd h v eld by » number 
100 D.8. standard mesh sieve.) M\x the 
sieved material to obtain a tmiform 

STJtFtJ 86 Percent ethanol 

and mix to wet the sample thowugniy 
(ethanol may effect the acid neutralising 
capacity). Add water to a volume" of 40 
ZSnJS? mlx °. n m ft8ne«e stirrer at 
300±30 r.pjn. for about one minute 
(Capsules should- be tested In theSe 
maimer using the sieved capsulebowdet 
™%' B T V IV AnftlyzB the ssmpK 
?33125 Procedure^set forth in* 

(3) Effervescent sample. f»iacte" ai» 
™ equivalent to the Stti 
labeled dosage into a 100 ml. beakSS 

whUe allowing the reaction to subsidei 
mother 10 ml. of water a^wW 
B? e *i*^ er ^ ntl7 - Wash down toe walls 
of the beaker with 20 ml of water and, 
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Review article: cost-effectiveness of different GERB management 
strategies 

N. VAKIL 

University of Wisconsin Medical School Milwaukee, Wl, USA 



SUMMARY 

Recent data on gastro-oesophageal reflux disease man- 
agement strategies suggest that the indirect costs of 
reflux disease are high, and that inadequate treatment is 



associated with significant out-patient costs for patients. 
Long-term management strategies now focus on dis- 
continuous therapy for some subgroups of patients. 
On-demand therapy is particularly attractive for 
patients who have no mucosal disease. 



INTRODUCTION 

Gastro-oesophageal reflux disease (GERD) is a chronic 
condition in many cases and frequently requires 
prolonged therapy. Although complications are 
infrequent, the symptoms of reflux disease have a 
profound effect on quality of life and work performance, 
making GERD an expensive disease to manage. Health- 
related expenditures are generally described as direct 
costs (the costs of providing and obtaining treatment) 
and the indirect costs (other costs due to the disease 
such as time lost from work that are not related to the 
provision of health care). When different management 
strategies are compared, the cost of each strategy must 
be balanced against its effectiveness. The best innova- 
tion increases therapeutic efficacy but costs less than 
standard therapy. While this is a laudable goal, most 
innovations increase both cost and effectiveness and the 
trade-off between the increased cost and effectiveness 
must be determined by cost-effectiveness studies. There 
are three general approaches to the management of any 
chronic disease: (i) Reduce costs regardless of outcome, 
(ii) Improve outcomes regardless of cost, and (iii) 
Maximize outcomes within the constraints of available 
resources. Cost-effectiveness studies help to optimize 
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clinical outcomes within the constraints of available 
resources. 

THE COST OF REFLUX DISEASE IN THE USA 

The costs of managing GERD have been measured in 
managed care settings in the USA. It is remarkable, 
despite the frequency of the disease, that the cost of 
treating GERD has not been studied more rigorously. 
Most of the studies done to date have focused entirely on 
direct medical costs but emerging data suggest that the 
indirect costs of GERD may be significant and deserve 
more attention. 

Levin et al 1 reported the cost of managing reflux 
disease in a managed care setting (Kaiser Permanente of 
Northern California). They calculated the GERD-related 
costs in a cohort of patients with acid related disorders. 
The total annual expenditures for acid-related disorders 
were $59 million. With adjustment of the data to 
determine the costs attributable to GERD. the total cost 
of managing GERD was $471 per person, with phar- 
macy costs accounting for $156 of this amount and 
out-patient costs accounting for $279. while in-patient 
costs were small at $35/per person. In the first 
6 months after diagnosis, out-patient costs remain the 
highest component cost of GERD management, 
accounting for a large proportion of the adjusted costs 
($246 out of a total of $289). These data suggest that 
pharmacy costs account for a small proportion of the 
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total costs of acute or chronic management of the 
disease. Another cost of illness study showed that drugs 
accounted for approximately 50% of the total direct 
costs of GERD treatment. 2 GERD has also been shown to 
cause significant losses through time off work and 
reduced productivity while at work, and also to reduce 
productivity during regular daily activities. 3 The 
indirect costs of the disease need to be considered in 
economic assessments of GERD. 

PHARMACEUTICAL COSTS AND TREATMENT 
STRATEGIES 

Proton pump inhibitor therapy is more effective than H 2 
receptor antagonist therapy in erosive GERD. A number 
of economic models have compared the costs of H 2 
receptor antagonist therapy to proton pump inhibitor 
therapy in erosive oesophagitis in the acute and long- 
term management of erosive GERD. Not surprisingly, 
given the high efficacy of proton pump inhibitor 
therapy, these studies have suggested that a proton 
pump inhibitor-based strategy is cost-effective when 
cost-effectiveness determinations are based on compar- 
isons with H 2 receptor antagonists. 4, 5 More recent 
studies have compared the costs of proton pump 
inhibitors to generic H 2 receptor antagonists, which 
are now widely available. Goeree et al 6 used the cost of 
generic ranitidine in Canada in their base case analysis. 
The cost of generic ranitidine in Canada is $Can 0.44 
per tablet. vs. $Can 2.42 per tablet for omeprazole. In 
this model, maintenance therapy with proton pump 
inhibitor had better clinical outcomes, but was not the 
dominant strategy. In an economic model based on 
clinical trials comparing esomeprazole and omeprazole 
for the treatment of acute erosive GERD, the cost- 
effectiveness of esomeprazole 40 mg and omeprazole 
20 mg over an 8-week period was compared/ The 
esomeprazole strategy was found to be dominant over 
the omeprazole strategy. Time with GERD (defined as 
the time with endoscopic evidence of erosions) was 
2,9 weeks in the esomeprazole group and 3.6 weeks in 
the omeprazole group. Zagari et al s used a decision 
analytic model, and estimated the 1-year direct cost of 
treating patients with proton pump inhibitors ($1192) 
to be lower than the total cost for a branded H 2 -RA 
($1495), and comparable to a generic H 2 -RA ($1152). 
While most models have focused on groups of patients 
with erosive oesophagitis. Sonnenberg et al examined a 
systematic approach to the management of GERD in the 



Veterans Administration system in the USA They 
evaluated a strategy beginning with a generic H 2 -RA, 
Failures with this strategy would be treated with a 
higher dose of H 2 -RA therapy, and failures to the latter 
treated with proton pump inhibitors (step-up therapy). 9 
This economic model suggested that an average of $9 1 6 
could be saved per patient every 5 years by using a step- 
up strategy. Clinical data from the same group in this 
population suggests that this strategy may be effective 
in clinical practice. 10 In contrast, data from a clinical 
trial in primary care suggest that neither step-up or 
step-down therapy provided optimal control of heart- 
burn over a 20-week period. 11 Results from a recent 
multicentre, randomized open-labelled study with 
economic end-points provides some interesting results. 
Patients with symptoms of GERD (uninvestigated) in 
primary care practices in West Virginia were evaluated. 
A total of 268 patients were randomized to omeprazole 
20 mg once a day or ranitidine 150 mg (brand-name) 
b.d. for up to 6 months. At 6 months, there was no 
significant difference in total costs between the groups, 
but the symptoms were better controlled in the 
omeprazole group. 12 This study showed that, while 
the initial acquisition costs of proton-pump inhibitor 
therapy may be higher, the overall costs may be similar 
because of the poorer efficacy in the H 2 -RA group. 
A recent study evaluated the cost of management 
strategies employed by managed care organizations. 13 
This was a prospective randomized economic trial in 
four large managed care organizations. A total of 685 
patients with GERD were randomized to omeprazole 
20 mg or ranitidine 1 50 mg b.d. for 4 weeks, Addi- 
tional 4-week therapy was given to patients as required. 
Investigations and office visits were determined over the 
16-week period by usual practice. Omeprazole was more 
effective in controlling symptoms in these patients. 
Patients spent more money for over-the-counter heart- 
burn remedies in the ranitidine group than did patients 
treated with omeprazole. As most pharmacy data 
systems do not capture information on over-the-counter 
medications, many economic evaluations fail to account 
for the costs associated with inadequate therapy. 

DISCONTINUOUS MAINTENANCE THERAPY: 
PATIENT-DRIVEN AND COST-EFFECTIVE? 

The understanding that many patients with reflux 
disease have no mucosal injury has led to the explora- 
tion of other forms of treatment that control symptoms 
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and decrease costs by reducing the frequency with 
which medication is administered. These techniques 
* consist of dose reduction or the discontinuous use of 

medication to reduce costs while still achieving the goal 
of complete symptom relief. In a recent study, 677 
patients with endoscopy negative or mild-moderate 
erosive GERD in primary care were randomized to 
ranitidine 150 mg b.d., low-dose omeprazole (10 mg) or 
standard dose omeprazole (20 mg) for 2 weeks. 14 If 
they had symptom relief, they continued with the 
maintenance phase of the study where they received 2- 
week courses of intermittent therapy with the regimen 
that had worked in the first instance. At the end of 1 
year of maintenance therapy, approximately half the 
patients did not require treatment for at least 6 months 
of the study period, despite satisfactory control of 
symptoms. A cost analysis based on this study found 
no difference between the costs of the omeprazole or 
ranitidine arms, using cost assumptions from a number 
of European countries that were part of the trial. These 
data suggest that on a cost basis, there is little to be 
gained from a step-up approach in patients with 
endoscopy-negative reflux disease. 15 This study demon- 
strated that the use of short intermittent courses of 
therapy in patients with mild erosive reflux disease or 
nonerosive reflux disease is cost-effective. 
I Studies in primary care have shown that many 

patients with GERD do not take medications on a 
regular basis and frequently take them on an as- 
needed basis. 16 As a result, the concept of 'on-demand' 
therapy has gained importance. On-demand therapy is 
particularly interesting in patients with nonerosive 
reflux disease because they have no discernable 
mucosal disease and the main purpose of treatment 
is to alleviate the patient's symptoms. In one study. 
424 patients with endoscopy-negative reflux disease 
were randomized to placebo or proton pump inhibitor 
(omeprazole 20 mg or omeprazole 10 mg) on 
demand. 17 At 6 months follow-up, 29% of the patients 
had failed on demand therapy and needed daily 
maintenance therapy. However 83% of patients rand- 
omized to on-demand therapy with omeprazole 20 mg 
a day were satisfactorily maintained over the 6-month 
time frame. The mean number of omeprazole capsules 
used per day was 0.43, suggesting that the total 
medication use was reduced by approximately 50% In 
a recent study of esomeprazole therapy, 320 patients 
with endoscopy-negative reflux disease who had 
complete symptom resolution after 4 weeks of therapy 



with either esomeprazole 20 mg or omeprazole 20 mg, 
were randomized to receive esomeprazole 20 mg 
on-demand or placebo on-demand for 6 months. 18 
Medication intake was measured using electronic chips 
embedded in the caps of the medication containers. 
On average, esomeprazole was taken once every 3 
days and 86% of patients were managed with on- 
demand therapy compared to 49% in the placebo 
group. These data suggest that on-demand therapy is 
effective and can substantially reduce costs. 
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Novel methods of using proton-pump 
inhibitors 



Proton-pump inhibitors (PPIs) are used widely in the treatment of gastro- 
esophageal reflux disease. On-demand therapy with PPIs has been shown to 
be effective in patients with nonerosive reflux disease or mild erosive reflux 
disease. This strategy can reduce the cost of maintenance therapy and is 
appealing in patients with no evidence of mucosal disease. The long-term 
efficacy and safety of on-demand PPI therapy have not been established. 
Nocturnal reflux may be important in patients with complicated reflux 
disease or Barrett's esophagus. Data on combining PPIs with H r receptor 
antagonists (H 2 RAs) suggest that nocturnal gastric pH can be controlled 
by the administration of H 2 RAs at bedtime. There are few data on noctur- 
nal symptoms, and some studies suggest that tachyphylaxis may develop 
with H 2 RA therapy. More data are required on the clinical effectiveness 
of combination therapy administered long-term. 

Proton-pump inhibitors (PPIs) are used widely in the treatment of gastro- 
esophageal reflux disease (GERD). Although the disease is chronic in most 
patients, relapses occur infrequently in some patients. Many patients with 
GERD do not take maintenance medications daily. A significant disadvan- 
tage with all currently available PPIs is their relatively high cost. New 
approaches to managing patients with PPIs are designed to reduce the 
cost of maintenance therapy by decreasing the frequency of administration. 
These strategies of on-demand and intermittent PPI therapy are discussed 
in this article. Studies have suggested that many patients who currently are 
taking PPIs have a nocturnal drop in gastric pH that may last 1 hour or 
longer. 
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On-demand or intermittent therapy 

GERD is a chronic disease, and many patients who have healing and 
symptomatic relief with a short course of therapy eventually relapse. Studies 
have suggested that many patients with GERD do not lake PPIs on a daily 
basis even when they are prescribed as such. Clinical studies have been done 
in patients with continuous and discontinuous therapy, and these studies 
have suggested that a proportion of patients may be managed effectively 
by discontinuous therapy. Discontinuous therapy may be intermittent or 
on-demand. Intermittent therapy is the administration of short predeter- 
mined courses of therapy when symptoms recur. The course may be 1 or 
2 weeks in duration. On-demand therapy is patient driven, and there are 
no fixed durations of therapy. Instead, patients arc told to take medications 
when they are symptomatic for as long as they think it is necessary. Discon- 
tinuous therapies are of interest because they reduce medication cost and 
may decrease the rebound in acid secretion seen after prolonged continuous 
therapy. 

In a study of intermittent therapy, 677 patients with endoscopy-negative 
reflux disease or Los Angeles grade A or B erosive esophagitis in a primary 
care setting were randomized to ranitidine, 150 mg twice a day; low-dose 
omeprazole, 10 mg daily; or standard-dose omeprazole, 20 mg daily, for 2 
weeks [1J. If the patients had symptom relief, they continued with the main- 
tenance phase of the study, in which they received 2-week courses of intermit- 
tent therapy with the regimen that had worked in the first instance. Of the 677 
patients entering the study, 318 reached the 1-year time point with intermit- 
tent therapy, without a need for daily maintenance therapy. Omeprazole, 20 
mg, was significantly superior to ranitidine at week 2. The long-term response 
was similar, however, in the rcsponders in the three groups. Of patients, 22% 
to 27% required daily maintenance and 46% to 48% were managed with inter- 
mittent therapy for the ensuing 12 months. Most patients relapsed infre- 
quently on intermittent treatment; 271 (40%) had no relapses, and 203 
(30%) had one, 102 (15%) had two, and 54 (8%) had three relapses. The 
median number of days without treatment for the entire cohort was 142 days. 
Approximately half the population did not need therapy for at least 6 months 
of the year of maintenance therapy. A cost analysis based on this study found 
no difference between the cost of the omeprazole arm and the ranitidine arm, 
suggesting using cost assumptions from many European countries that were 
part of the trial. These data suggest that on a cost basis, there is little to be 
gained from stepping down to intermittent H 2 -receptor antagonist (H 2 RA) 
therapy after initial treatment with a PP1 [2], 

In a short-term study of on-demand therapy with low-dose H 2 RA ther- 
apy, Galmiche et al [3j showed that ranitidine administered in a dose of 
75 mg three times a day on demand was effective in the short-term relief 
of heartburn (defined as a 75% improvement of symptoms). Of patients, 
41% reported improvement in heartburn in this short-term trial of 15 days. 



I Two studies evaluated the efficacy of on-demand PPI therapy over longer 

■ periods. In one study, 424 patients with endoscopy-negative reflux disease 

| were randomized to placebo or PPI (omeprazole, 20 mg, or omeprazole, 

10 mg) on demand (4). Over the 6-month follow-up period, 29% of patients 

I failed on-demand therapy and required daily maintenance therapy. Of 
patients randomi2ed to on-demand therapy with omeprazole, 20 mg/d, 
83% were maintained satisfactorily over the 6-month time frame. The mean 
number of omeprazole capsules used per day was 0.43, and the total amount 
of medication used was reduced by approximately 50%. In a study of eso- 
meprazole therapy, 320 patients with endoscopy-negative reflux disease 
who had complete symptom resolution after 4 weeks of therapy with either 
esomeprazole, 20 mg, or omeprazole, 20 mg, were randomized to receive 
. esomeprazole, 20 mg, or placebo on-demand for 6 months [5]. Patients were 

permitted to use antacids as rescue medications. Patients were instructed 
to take no more than one dose of the medication a day for the relief of heart- 
burn and to stop when the symptoms were controlled adequately. Medica- 
tion intake was measured using electronic data recorders mounted into the 
caps of the medication containers. A total of 1 10 patients discontinued ther- 
apy because of insufficient control of heartburn (14% in the esomeprazole 
group and 51% in the placebo group). In the esomeprazole group, 52% of 
patients took medications for a maximum of 3 days at a time, as measured 
by the electronic sensors in the cap of the medication bottle. In the eso- 
meprazole group, 22% of patients took esomeprazole for 4 to 6 consecutive 
days, and 11% required medication for 7 to 13 days. Mean antacid use was 
significantly lower in the esomeprazole group (1 .04 tablets/day) compared 
with the placebo group (0.59 tablets/day). On average, esomeprazole was 
taken once every 3 days. In an economic analysis on on-demand therapy, 
Wahlqvisl ct al [6] evaluated the cost-effectiveness of on-demand therapy 
in the United Kingdom using clinical data from this and other trials and 
suggested that on-demand therapy was cost-effective compared with conven- 
tional maintenance therapy. 



Combinations of proton-pump inhibitors and H^receptor antagonists 

Nocturnal reflux may play an important role in the development of com- 
plications of reflux disease because natural defense mechanisms are 
impaired, and acid contact lime with the esophageal mucosa can be pro- 
longed. Conventional wisdom argues against the simultaneous administra- 
tion of PPIs and HjRAs because PPIs act at the final point of acid 
secretion, and blocking the histamine receptor is unlikely to add benefit. 
Studies have shown, however, that intragastric pH in healthy volunteers and 
patients with GERD on PP! therapy can decrease to less than 4 at night [7J. 
Although intragastric pH may decrease to less than 4, nocturnal symptoms 
are uncommon in patients on PPIs [8]. Studies in human volunteers showed 
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that the addition of small doses of H 2 RAs at bedtime can prevent the noc- 
turnal decrease in pH in patients taking PPIs [9). Preliminary data from 
another study suggest, however, that the effect may be short-lived and that 
tachyphylaxis may occur within 2 weeks of starting H 2 RA therapy [iOJ. 
There are no data on nocturnal symptoms at present and little information 
on the long-term efficacy of a combination of PP1 therapy with H 2 RAs. Fur- 
ther data are awaited on the use of H 2 RAs in combination with PPIs. 

Summary 

On-demand therapy with PPIs is a new strategy that has been shown to 
be effective in patients with nonerosive reflux disease or mild erosive reflux 
disease. This strategy can reduce the cost of maintenance therapy substan- 
tially and is particularly appealing in patients with no evidence of mucosal 
disease. The long-term efficacy and safety of this form of therapy have not 
been established. Nocturnal reflux may be important in patients with com- 
plicated reflux disease or Barrett's esophagus. Data on combining PPIs with 
H 2 RAs suggest that nocturnal gastric pH can be controlled by the adminis- 
tration of H 2 RAs at bedtime. There are few data on nocturnal symptoms, 
and some studies suggest that tachyphylaxis may develop with H 2 RA ther- 
apy. More data are required on the clinical effectiveness of combination 
therapy administered long-term. 
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One of the hallmarks of the mammalian sromach is its 
ability to secrete large quantities of concentrated 
(0.16 moi/L) hydrochloric acid (HCl). ] Although it is 
generally assumed that gastric acid and the proteolytic 
enzyme pepsin are required to initiate digestion, achlor- 
hydric individuals generally do not develop malabsorp- 
tion unless small bowel bacterial overgrowth is present. Ic 
is thus likely that the ability of the sromach to secrete 
acid evolved primarily from a need to sustain a sterile 
intragastric milieu. Organisms that possessed the capac- 
ity to kill ingested bacteria and other microbes were able 
to avoid the development of enteric colonization, and 
thereby ensure both efficient absorption of nutrients and 
prevention of systemic infections. 1 Nevertheless, when 
present, gastric acid does play a signific ant role in protein 
hydrolysis and other aspects of the digestive process, and 
under various conditions, acid may play an eriologic role 
in producing various forms of discomfort and inciting 
esophageal and gastroduodenal mucosal injury. 

The norma] human stomach contains approximately 1 
billion parietal cells that secrete hydrogen ions into rhe 
gastric lumen in response ro various physiological stimuli. 
The generation of ions is mediated by 3 pathways: 
netirocrine. paracrine, and endocrine (Figure 1). The 
principal neurocrine transmitter is acetylcholine, which 
is released by vagal postganglionic neurons and appears to 
stimulate H + ion generation directly via a parietal cell 
muscarinic M 3 receptor. Histamine is the primary para- 
crine transmitter that binds to H 7 -spccific receptors on 
parietal cells. Adenylate cyclase is then activated, leading 
ro an increase in adenosine 3', 5 '-cyclic monophosphate 
(cAMP) levels and subsequcnr generation of H + ions. The 
secretion of gastrin from antral G cells comprises the 
endocrine pathway and stimulates H + ion generation 
both directly and indirectly, the latter by stimulating 
histamine secretion from enterochromaffin-like (ECL) 
cells of the corpus and fundus. Interactions among 
neurocrine, paracrine, and endocrine pathways are coordi- 
nated to promote or inhibit H"' ion generation. Hista- 



mine appears to represent the dominant route, because 
gastrin stimulates acid secretion principally by promot- 
ing histamine release from ECL cells.- 3 Thus, ECL cells 
are often referred to as ' controller' cells in the process of 
gastric acid secretion. 

A negative feedback loop governs both gastrin release 
and the return of acid secretion to basal level. 1 ' 4-6 This 
autoregulatory mechanism prevents postprandial acid 
hypersecretion. After ingestion of a meal, gastrin release 
stimulates secretion of gastric acid. The intraluminal pH 
begins to decrease, which stimulates release of somatosta- 
tin from antral D cells, possibly through the activation of 
calcitonin gene-related peptide (CGRP) neurons. 5 - 7 So- 
matostatin then appears to act via a paracrine mechanism 
to inhibit further release of gastrin from G cells. 8 
Somatostatin produced by D cells in the gastric corpus 
and fundus may also directly inhibit acid secretion from 
parietal cells and may suppress histamine release from 
ECL cells (Figure l). 6 - 9 Other recent observations indicate 
that several other neurotransmitters, including vasoactive 
intestinal peptide (VIP), galanin, and pituitary adenylate 
cyclase-activating peptide, may play important roles in 
regulating gastric acid secretion, both directly and 
indirectly, under physiological conditions. 10 

Pathophysiology of Acid-Related 
Disorders 

Gastroduodenal (Peptic) Ulcer 

The treatment of duodenal ulcer (DU) has served 
as rhe basis (correctly or incorrectly) for the management 
of nearly all acid-related disorders. This supposition in all 
likelihood contributed to delays in the optimal manage- 
ment of other gastrointestinal (Gl) disorders in which 



Abbreviations used in this paper: DU, duodenal ulcer; ECU entero- 
chromaffin-like; GERD, gastroesophageal reflux disease; Gl, gastro- 
intestinal; GU, gastric ulcer; NCCP, noncardiac chest pain; PPl, 
proton pump inhibitor; PUD, peptic ulcer disease. 
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Figure 1. Schematic representa- 
tion of the factors influencing 
gastric acid secretion by the pa- 
rietal cell, depicting neurocrine 
(acetylcholine and other neuro- 
transmitters from vagal efferent 
neurons), paracrine (somatosta- 
tin from D cells and histamine 
from gastric ECL cells), and en- 
docrine (circulating gastrin) fac- 
tors. Dashed arrows indicate po- 
tential sites of pharmacological 
inhibition of acid secretion, ei- 
ther via receptor antagonism or 
via inhibition of H s ,K"*-ATPase. 
A. acetylcholine and other neuro- 
transmitters; H, histamine; G, 
gastrin; L365,260. synthetic 
gastrin receptor antagonist; PG, 
prostaglandin; S, somatostatin. 



acid plays an etiologic role in producing symptoms and 
causing mucosal injury, such as gastroesophageal reflux 
disease (GERD). Although patients with gastric ulcers 
(GUs) tend to have normal or reduced levels of acid 
secretion, 1 the average DU patient is an acid hypersecre- 
tor. When compared with age- matched controls, DU 
patients secrete ~70% more acid during the day (meal- 
stimulated) and about 150% more acid at night (basal 
secretion) (Figure 2), 11 Postprandial gastric acid secretion 
is regulated primarily by increases in gastrin expression, 
which is controlled by a negative feedback loop. Individu- 
als infected with Helicobacter pylori have been shown to 
have a diminished number of somatostatin-secreting D 




2£ 100 



Day 
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Figure 2. Gastric acid secretion during the day and night in patients 
with QU (n = 8) and in age-matched controls (n = 7). Acid secretion is 
expressed as the mean ± SE in millimoles per 12 hours. *P< 0.05. 
Data from Feldman et al." 



cells, which decreases the magnitude of the response to 
luminal acidification. 12 " 14 Thus, in patients with H. 
pylori infection limited to the antrum, the negative 
feedback inhibition of gastrin release is attenuated, 
resulting in higher postprandial gastrin levels and hyper- 
secretion of acid. 

Despite the existence of meal-induced hyperchiorhy- 
dria in DU patients, the presence of food in the stomach 
has a buffering effect that may protect the gastroduodenai 
mucosa from acid-induced injury. However, at night and 
during other prolonged periods of fasting, acid bathes the 
"bare" mucosa, and in DU patients, the increase in 
nocturnal acid secretion magnifies this effect. Duodenal 
bicarbonate secretion also appears to be impaired in 
patients with DU, 15 as well as in those infected with 
H. pylori, making the mucosal exposure to acid even 
greater. These observations, as discussed below, form the 
rationale for single nocturnal dosing of H^-receptor 
antagonists in the treatment of DU, a mode of therapy 
that is at least as effective as multiple dosing regimens. 

Clearly, factors other than acid and pepsin are involved 
in the pathogenesis of peptic ulcer disease (PUD), because 
only 30% of patients with DUs and very few patients 
with GUs are hyperchlorhydric. 1 The balance between 
aggressive factors that act to injure the gastroduodenai 
mucosa and defensive factors that normally protect 
against corrosive agents is also important. When this 
delicate balance is disrupted for any reason, mucosal 
injury may ensue. 1 These defensive properties appear to 
be mediated to a large extent by endogenous prostaglan- 
dins, nitric oxide, and trefoil proteins, and when the 
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synrhesis of any or all are diminished, the ability of 
the gastroduodenal mucosa to resist injury is decreased. 
Thus, even norma] rates of acid secretion may be 
sufficient to injure the mucosa and produce gastroduode- 
nal ulcers. Nevertheless, even in DU patients who are 
normal secretors of acid, a reduction in the rate of acid 
secretion is the most efficient means of healing ulcers. 1 

Although a large number of gastroduodenal ulcers are 
associated with H. pylori infection, at least 60% of 
individuals with complicated ulcers (e.g., hemorrhage or 
perforation) report the use of nonsteroidal anti-inflamma- 
tory drugs (NSAIDs), including aspirin. 16 Mucosal injury 
associated with NSAID use is initiated topically by the 
acidic nature of NSAIDs. 17 Topical mucosal injury may 
also occur as a result of indirect mechanisms, mediated 
through the biliary excretion and subsequent duodenogas- 
tric reflux of active NSAID metabolites. 18,19 Topical 
injury caused by NSAIDs certainly contributes signifi- 
cantly to the development of gastroduodenal mucosal 
injury, but the systemic effects of these agents appear to 
play the predominant role, 17,20,31 largely through the 
decreased synthesis of mucosal prostaglandins. 22 Avoid- 
ance of topical mucosal injury by enteric-coated aspirin 
preparations 22 or by the parenteral 23 or rectal 24 adminis- 
tration of NSAIDs does not prevent the development of 
ulcer complications. Moreover, doses of aspirin as low as 
10 mg are sufficient to significantly suppress gastric 
mucosal prostaglandin synthesis. 25 A decrease in the 
above protective mechanisms normally stimulated by 
prostaglandins enables endogenous gastric acid to incite 
mucosal injury. 

In recent years, it has become evident that the actual 
percentage of ulcers associated with H. pylori may not be 
90%-95% as often reported, but may be as low as 32% in 
non-referral-based populations. 26 Furthermore, despite 
the inclination to ascribe the etiology of ulcers in such 
individuals to NSAIDs, the use of these agents clearly 
does not account for the balance of the cases. Finally, the 
vast majority of remaining individuals do not have the 
Zollinger-EJIison syndrome (ZES) or another unusual 
cause of gastroduodenal ulcer. Thus, while peptic ulcer- 
ation involves the participation of several factors, as first 
stated by Karl Schwarz 27 in 1910: "Obne sauren Magemafi. 
kein peptisches Geschwiir" i.e., "No acid, no ulcer.'* The 
erosive properties of acid continue to play a central role in 
the pathogenesis of gastroduodenal mucosal ulceration, 
and conversely, acid suppression therapy remains the 
cornerstone of therapy. 

GERD 

Although the principal aggressive factor involved 
in causing heartburn and the other clinical manifestations 



of GERD is the presence of acid in the esophagus, the 
disorder does nor usually result from the hypersecretion 
of gastric acid. 28 Rather, GERD occurs as a result of 
several abnormalities in motor function of the Jower 
esophagus and the lower esophageal sphincter (IES). 
Despite the etiologic role played by these important 
motor abnormalities, the severity of symptoms, most 
notably heartburn, and esophageal mucosal injury can be 
correlated with the total time that the esophageal mucosa 
is exposed to acid. Gastric acid thus also constitutes a 
critical element in the pathogenesis of GERD, and acid 
suppression comprises the principal mechanism for 
therapy. However, the optimal timing and degree of acid 
suppression differ significantly in GERD patients com- 
pared with the treatment of gastroduodenal ulcer (see 
below). 

Stress-Related Erosive Syndrome 

Many terms have been used to describe this entity, 
including stress ulcer syndrome, stress gastritis, stress- 
related mucosal disease, and stress-related erosive syn- 
drome (SRES). 2930 The principal feature of SRES is its 
relationship to serious systemic disease, such as sepsis, 
massive burn injury, head injury associated with in- 
creased intracranial pressure, severe trauma, and multiple- 
system organ failure. A meta-analysis of 2252 patients by 
Cook et al. 31 identified mechanical ventilation and 
coagulopathy as the 2 singlemost important risk factors. 
Although the pathophysiology is multifactorial and 
definitely includes a component of ischemia, which 
compromises gastric mucosal integrity, luminal acid 
plays a dominant role in producing the multiple erosive 
lesions characteristic of the entity. Fiddian-Green et al. 32 
emphasized the importance of H + ion back-diffusion by 
demonstrating a high correlation between the degree of 
intramural pH and the development of SRES. Further- 
more, most, but not all, methods for preventing massive 
hemorrhage-associated SRES include the alkalinization of 
gastric contents. 33 

Pharmacology of Parietal Cell 
Receptors 

The parietal cell possesses a unique morphology 
that differs markedly between the resting and stimulated 
stares. 1 Mitochondria occupy 34% of its ceil volume, 
indicative of the importance of adenosine triphosphate 
(ATP) synthesis as an energy source required for the active 
transport of FT" ions out of the cell against a 3,000,000:1 
ionic gradient. A large percentage of resting cell volume 
is also occupied by tubulovesicles, which are elongated 
tubes with smooth surface membranes, and by rhe 
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secretory canaliculus, a small invaginated area of the 
apical membrane. Upon stimulation, which is generally 
accomplished by eating a meal, the tubulovesicles de- 
crease in number and become transformed into microvilli 
around the secretory canaliculus, which serves to greatly 
expand the surface area of the parietal cell in preparation 
for the secretion of large quantities of HC1. The parietal 
cell also possesses several different receptors for stimula- 
tory and inhibitory ligands on its basolateral membrane 
(Figure 1). 

Histamine H 2 Receptor and Its Antagonists 

The histamine receptor belongs to a large family 
of G protein-linked receptors possessing 7 transmem- 
brane domains.' 4 Despite the recognition that histamine 
stimulates gastric acid secretion, it was not until 1966, 
when Ash and Schield 51 described H, and H 2 receptors 
for histamine, chat the possibility of inhibiting acid 
secretion with histamine antagonists was proposed. In 
1970, Black et al. 36 described selective histamine H 2 - 
receptor inhibition and initiated the search for pharmaco- 
logical agents that could effectively suppress the secretion 
of acid. Within 10 years of the release of cimetidine in the 
United States in 1977, 3 additional H r receptor antago- 
nists — ranitidine, famotidine, and nizatidine — became 
available for use throughout the world. All 4 drugs 
(Figure 3) suppress basal and meal-stimulated acid 
secretion, albeit to a lesser degree than proton pump 
inhibitors (PPls) discussed below. Despite similar thera- 
peutic profiles, some differences do exist with regard to 
the agents' pharmacokinetic properties (Table 1), most of 
which are clinically insignificant. 37 The elimination of 
these drugs occurs by a combination of hepatic metabo- 
lism and urinary excretion, and although hepatic dysfunc- 
tion does not alter their pharmacokinetic properties, dose 
reductions are recommended for all individuals with 
varying degrees of renal impairment (Table 2). 37 H2- 
receptor antagonists as a class possess an unsurpassed 



Table 1. Comparison of the Histamine H 2 -Receptor 
Antagonists 



Cimetidine 
(Tagamet®) 



Ranitidine 
(Zantac®) 



CHNO, 

11 * 



(CH ] ),NCH J> / 0 N v CH l SCH | CH | NHCNHCH, 



NCK 



H CHjSCHjCHjNHCNHCHj 

Famotidine Nizatidine 
(Pepcid®) (Axid®) 

NS0,NH, CHNO, 

(NHjJjC^Nsv^ X^CHjSCHjCHjCNH, (CHINCH, v ^ Ny CH,SCH,CH,NHCNHCH, 



S- 





Cimetidine 


Ranitidine 


Famotidine 


Nizatidine 


Bioavailability {%) 


80 


50 


40 


70 


Relative potency 


1 


5-10 


32 


5-10 


Circulatory t%{/i) 


1.5-2.3 


1.6-2.4 


2.5-4 


1.1-1.6 


Biological H°{h) 


6 


8 


12 


8 


Relative effect on 










cytochrome P450 










metabolism 


1 


0.1 


0 


0 



t-A. half-life. 

•Approximate values. 

Adapted and reprinted with permission. 37 

safety record, and in 1995 became available for use in the 
United States without prescription. 

Muscarinic Receptor and Its Antagonists 

The central nervous system, particularly via the 
vagus nerve, plays a dominant role in regulating basal 
acid secretion, as well as the cephalic phase of meal- 
stimulated acid secretion. Extracts of belladonna were 
used to treat dyspepsia since the time of the Roman 
empire, and in the recent past, nonspecific antimuscarinic 
agents such as atropine and propantheline bromide were 
used as inhibitors of gastric acid secretion. These drugs 
were associated with many adverse effects, including 
drowsiness, dry mouth, blurry vision, and urinary reten- 
tion, and as a result are rarely used today. To date, 
however, 5 muscarinic receptors have been subtyped and 
cloned, and although all are G protein coupled, they 
signal different intracellular pathways. In vitro character- 
ization of gastric acid secretion has indicated that the 
parietal cell normally expresses the M3 subtype. 38 Clini- 
cally, the M} antagonists, pirenzepine and telenzepine, 
are effective inhibitors of acid secretion and probably 

Table 2. Histamine H 2 -Receptor Antagonist Dosing 
Adjustments With Renal Insufficiency 



Drug 



Creatinine clearance {mL/min) Dose (mg/day) a 



Cimetidine 


>30 


800 




15-30 


600 




<15 


400 


Ranitidine 


>75 


300 




30-75 


225 




15-30 


150 




<15 


75 


Famotidine 


>75 


40 




30-75 


30 




15-30 


20 




<15 


10 


Nizatidine 


>75 


300 




30-75 


225 




15-30 


150 




<15 


75 



Figure 3. Structure of the 4 H 2 -receptor antagonists in use in the 
United States. ■ 



"Dosing for gastroduodenal ulcer. 
Adapted and reprinted with permission. 37 
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exert their effect by interaction with a postsynaptic- 
neuronal Mi receptor. 1 These 2 agents are available in 
other countries for the treatment of duodenal ulcer, but 
they have not been approved for use in the United States. 

Gastrin Receptor and Its Antagonists 

As stated above, gastrin stimulates acid secretion 
via an endocrine pathway and induces H + ion generation 
both directly and indirectly. The precise location and 
density of the gastrin receptor have been subjects of 
debate and may be somewhat species dependent. Several 
studies in rats and other rodents have suggested that 
gastrin stimulates acid secretion by enhancing the release 
of histamine from ECL cells. 39,40 Conversely, receptors for 
gastrin receptors on canine parietal cells have been 
demonstrated by Soil et al. 41 by employing the analogue 
125 I-[Leu n }gastrin, and by Kopin et al., 42 who cloned and 
expressed the gastrin receptor from a purified canine 
parietal cell complementary DNA library. Moreover, 
single-cell video imaging has provided direct evidence for 
a functional gastrin receptor on the parietal cells of rats 
and rabbits. 43 

The gastrin receptor belongs to the above-mentioned 
family of G protein-linked receptors possessing 7 trans- 
membrane domains. 42 It is closely related to the receptor 
for cholecystokinin ("CCK-A" or "CCK-1") and is thus 
often referred to as the "CCK-B" or XCK-2" receptor. 
Gastrin-specific receptor antagonists have been devel- 
oped, which include L365,260 and YM022. 44 The former 
is a benzodiazepine derivative that was derived from the 
fungus Aspergillus alliaceus and has been demonstrated to 
effectively antagonize gastrin-stimulated gastric acid 
secretion. 44 Despite this effect, these antagonists have not 
been used clinically as inhibitors of acid secretion. 
However, they may ultimately prove useful in the 
treatment of panic and anxiety disorders by virtue of 
binding to gastrin receptors in the brain. 45 

Miscellaneous Receptors on the 
Parietal Cell 

Other receptors on the parietal cell basolateral 
membrane have been suggested by the ability of various 
agents to inhibit gastric acid secretion. For example, 
prostaglandins inhibit H + ion generation by binding to 
their EP3 G protein-linked receptor on the parietal cell, 
which appears to inhibit adenylate cyclase, and thereby 
decrease intracellular cAMP generation when activated. 46 
As discussed below, the acid-inhibitory properties of 
prostaglandin analogues such as misoprostol, while not 
potent, are nevertheless critical for exerting any beneficial 
clinical effects. 16 



Parietal Cell H + ,K+-Adenosine 
Triphosphatase 

The gastric enzyme H + ,K + -adenosine triphospha- 
tase (ATPase) is a member of the family of ion-moth^ 
ATPases that includes F,, V, and P ATPases. The latter is 
divided conveniently into P| or P 2 types in 1 of 2 ways, 
either based on the number of transmembrane segments 
(8 in the case of the P, and 10 in the case of the P 2 
catalytic subunits) or based on transport of transition 
metals (Pi) or small cations (P 2 ). 47 Within the P 2 family, 
the gastric H + ,K + - and Na + ,K + - ATPase isoforms are 
coexpressed tightly bound to a 3-subunit that is smaller 
than the catalytic or ot-subunit, has most of its sequence 
presented outside, and is glycosylated to different extents 
depending on the isoform. 4{M9 These latter 2 enzymes are 
also unique in that they both serve as drug targets, 
digoxin for congestive heart failure in the case of the 
Na + ,K + - ATPase and substituted pyridyl methylsulfinyl 
benzimidazoles for acid-related disorders in the case of 
the H + ,K + -ATPase. 50 H + ,K + -ATPase consists of 8 trans- 
membrane segments for the catalytic a-subunit and 1 
transmembrane segment for the (3-subunit (Figure 4). 51,52 

Inhibition of Acid Secretion 

The recognition that the ATPase was the final step 
of acid secretion has resulted in the development: of a class 
of drugs, the PPIs, that are targeted toward this enzyme. 
They all share a common structural motif (Figure 5), a 
substituted pyridylmethylsulfinyl benzimidazole, but vary 
in terms of their substitutions. They also share common 
inhibitory mechanisms and are all weak protonatable 
pyridines, with a pK a of ~4.0 for omeprazole, lansopra- 
zole, and pantoprazole, and ~~5.0 for rabeprazole. They 
thus accumulate selectively in the acid space of the 
secreting parietal cell. Within that space or on the surface 



Membrane 




Figure 4. A model of the 2-dimensional arrangement of the gastric 
H-,K + -ATPase subunits. The core structure of this P 2 -type ATPase 
consists of the first 6 membrane segments, arranged as helices with 
the possible exception of the cytoplasmic end of M6. Cross-Jinking and 
column chromatography of tryptic fragments has shown an associa- 
tion between M5 and M7, and M6 and M9 {curved arrows). The major 
high-affinity interaction with the p-subunit is with the beginning of M8. 
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Figure 5. Structure and reaction pathways of the 4 PPis in use in the United States. Ail are ampholytic weak bases and accumulate as prodrugs in 
the secretory canaliculus of the actively secreting parietal cell. They are all acid-catalyzed to a reactive thiophilic species whereby the pyridine N 
reacts with the 2C of the benzimidazole to form a sulfenic acid (below), which, while in solution, reacts further to form a sulfenamide (above). The 
respective sulfenamides then react with available cysteines on the luminal surface of the enzyme; cys 813 is common to all the PPIs and crucial 
for enzyme inhibition. Cys 892 reacts with omeprazole, lansoprazole, and rabeprazole; cys 321 with lansoprazole; and cys 822 with 
pantoprazole. 54 



of the enzyme, chey undergo an acid-cataly2ed conversion 
co a reactive species, the thiophilic sulfenamide or 
sulfenic acid, which are permanent cations. The rate of 
conversion varies among the compounds and is a function 
of their pK a and other structural features: rabeprazole > 
omeprazole = lansoprazole > pantoprazole. 53,<54 The 
reactive species reacts with cysteine residues available 
from the external surface of the enzyme that faces the 
lumen of the secretory space of the parietal cell, resulting 
in covalent inhibition of the enzyme by disulfide bond 
formation. The cysteine residue that is critical for 
inhibition is cys 813 in the catalytic subunit of the 
H + ,K* f -ATPase, strategically located in the M5/M6 
sector of the enzyme, which is intimately involved in the 
transport process. 

Because all the PPIs require accumulation and acid 
activation, their onset of inhibition is delayed, and 
because they also form a covalent derivative, rhe restora- 
tion of acid secretion is likewise delayed, depending on 
the turnover of the pump protein and the biological 
reversibility of the disulfide bond. Therefore, 24-48 
hours are necessary for maximal acid secretory capacity to 
be restored. Different doses of these drugs are recom- 
mended, but at equivalent doses, these agents are remark- 
ably similar when used in the treatment of acid-related 
disorders (Table 3). 55 

The PPJs are without question the most potent 
inhibitors of gastric acid secretion available. However, 
because they are most effective when the parietal cell is 
stimulated to secrete acid in response to a meal, rhese 



drugs should only be taken before or with a meal and 
should not be used in conjunction with Jhh-receptor 
antagonists, prostaglandins, or other antisecretory agents 
(Table 3). Animal studies have demonstrated that the 
concomitant administration of PPIs and other antisecre- 
tory agents will markedly reduce the acid-inhibitory 
effects of the PPI. 56 Because acid secretion muse be 
stimulated for maximum efficacy, PPIs are administered 
before rhe first meal of the day (Table 3). Moreover, in 

Table 3. Helpful Facts on the Use of PPIs 

PPIs are prodrugs that require activation to their active moiety (thio- 
philic sulfenamide) 

pK a of PPIs: ~4 for omeprazole, lansoprazole, and pantoprazole; ~5 
for rabeprazole 

All PPIs are activated when regional pH decreases below their respec- 
tive pK a 

Achieved almost exclusively in parietal cell secretory canaliculus 
Achieved optimally when parietal cell is activated, i.e., after meals 
Most effective after a prolonged fast, when a large amount of inac- 
tive H+.KMTPase present is in secretory canaliculus, i.e., 
after breakfast 
Clinical use 
Steady state not achieved for several days 
Thus often helpful to administer twice daily for the first 2-3 days 
of therapy 

Also likely not to be consistently clinically effective when taken 

sporadically 
First dose should be taken before breakfast 
Second dose, if used, should be taken before evening meal 
Do not administer concomitantly with H 2 -receptor antagonists or 

prostaglandins 

Safety: toxicity seems to be gastrin-related and is probably species 
specific 
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most individuals, once-daily dosing is sufficient to 
produce the desired level of acid inhibition. A second 
dose, if required, should be administered before the 
evening meal. 

During meals, however, neither all parietal cells nor all 
proton pumps are active. The initial dose of the PPJ will 
chus inhibit only activated H + ,K ^-ATPase present in the 
canalicular membrane.' 56 As inactive enzyme is recruited 
into the secretory canaliculus, acid secretion will resume, 
albeit at a reduced level. After a second dose, more 
enzyme will have been recruited and subsequently inhib- 
ited, and after a third dose, additional recruitment and 
further acid inhibition may be expected. Once-daily PPI 
dosing results in 66% steady-state inhibition of maximal 
acid output after 5 days, and the initial use of twice-daily 
dosing (for the first 2-3 days) may thus be helpful in 
achieving more rapid inhibition of gastric acid secre- 
tion. 55 Based on these pharmacokinetic properties, the 
occasional use of a PPI taken on an "as- needed" basis 
would not be expected to provide adequate acid inhibi- 
tion and would be unlikely to produce a conshttm or 
satisfactory clinical response. 

Safety Issues 

The safety profile of the PPIs is similar to that of 
H 2 -receptor antagonists. Although headache and diarrhea 
are occasionally reported, serious adverse reactions to 
these agents are rare and generally not well documented. 
Initial concern was expressed when PPIs were introduced 
as a result of their ability to precipitate ECL cell 
hyperplasia and subsequent gastric carcinoid tumors in 
rats when given at high doses. This trophic effect occurs 
as a result of interruption of the negative feedback 
mechanism for acid secretion, which induces an increase 
in antral gastrin gene expression. 1,4-6 However, these 
drugs have been used for nearly 1 5 years in Europe and for 
10 years in the United States with no discernible increase 
in the incidence of carcinoid tumors. The reasons for such 
interspecies differences are not entirely evident, but are 
probably related in part to a lower mucosal ECL cell 
density and a considerably less pronounced increase in 
circulating gastrin in humans compared with rodents in 
response to antisecretory medications. One area of theo- 
retical concern that has not been completely resolved is 
the possible effect of gastrin and its precursor prohor- 
mone on promoting the growth of colonic neoplasms. 

An area of controversy has been the need to monitor 
serum gastrin concentrations in persons on long-term 
PPI therapy. In general, laboratory and other testing 
should be performed only if the treatment plan will be 
dependent on their results. Long-term PPJ treatment is 
used most commonly in patients with GERD, many of 



whom have significant symptoms and mucosal injury. 
The sequelae of GERD are serious and real, whereas the 
effects of hypergastrinemia, which occurs in only ~5% of 
individuals receiving long-term PPI therapy, are theoreti- 
cal. Therefore, in situations in which the hypothetical 
risk of the PPI is clearly outweighed by the benefits 
offered by potent acid suppression, serum gastrin measure- 
ments should not be performed. 57 

Treatment of Acid-Related Disorders 

Acute Gastroduodenal Ulcer 

The treatment of ulcer disease has changed dra- 
matically since the discovery that the probability of ulcer 
recurrence decreases significantly after successful eradica- 
tion of//, pylori infection, compared with annual recur- 
rence rates of 50%-8()% when antisecretory therapy 
alone is used. 58 - 59 Thus, a determination of H. pylori 
infection in a patient with gastroduodenal ulcer is critical 
for the appropriate management of this disease. If a 
patient is not infected with H. pylori, an alternative 
etiology must be sought, such as NSAID use, hypersecre- 
tory states, or one of the other less common causes of ulcer 
disease, such as Crohn's disease, vascular insufficiency, 
viral infection, radiation therapy, and cancer chemother- 
apy: Regardless of the etiology, however, the inhibition of 
gastric acid secretion continues to play a prominent role 
in the management of acute gastroduodenal ulcer. 

Some differences do exist between DUs and GUs 
proximal to the prepyloric region of the stomach. Most 
previous studies have assessed the effects of acid suppres- 
sion on duodenal and pyloric channel ulcers and antral 
ulcers within 2-3 cm of the pylorus, but few have 
actually evaluated the healing of more proximal GUs. 
Although gastric acid secretion is generally lower than 
normal in patients with more proximal disease, 1 these 
latter ulcers usually do heal in response to acid suppres- 
sion, although the total duration of therapy is often 
prolonged. 

In general, a dynamic relationship exists between the 
healing of DU and the inhibition of intragastric acidity. 
Important parameters that determine the effect of antise- 
cretory therapy include the degree of suppression of 
intragastric acidity, the length of acid inhibition over a 
24-hour period, and the duration of antisecretory treat- 
ment. For example, Burget et al. 60 showed that if 
intragastric pH is maintained above 3.0 for a period of 
18-20 hours per day, DU healing approximates 100% at 
4 weeks.- As discussed below, the DU healing rate at 4 
weeks is also directly proportional to the degree of the 
reduction of nocturnal acidity. 61 
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Table 4. Current Recommendations for Treatment of 
Gastroduodenal Ulcers 

Active ulcer 
H r receptor antagonists 
Cimetidine 800 mg 
Ranitidine/nizatidine 300 mg 
Famotidine 40 mg 

All administered between the evening meal and bedtime 
PPIs 

Omeprazole 20 mg 
Lansoprazole 30 mg 
Rabeprazole 20 mg 
Pantoprazole 40 mg 
All administered daily before breakfast 
Maintenance therapy 
H r receptor antagonists 
Cimetidine 400 mg 
Ranitidine/nizatidine 150 mg 
Famotidine 20 mg 

AH administered between the evening meal and bedtime 
PPIs 

As above 
Prevention of NSAID-induced ulcers 
Misoprostol 

At least 200 ug 3 times/day 
PPIs 

As above 

NOTE. In general, duodenal ulcers should be treated for 4 weeks and 
gastric ulcers for 8 weeks. 

Antacids. In a landmark controlled, double-blind 
study in 1977, Peterson et al. 62 showed that antacids were 
superior to placebo in healing DU, although (contrary to 
prevailing opinions) no difference in symptom relief was 
detected. However, because of the need to take these 
drugs at least 4, and up to 7, times every day, antacids are 
rarely used presently in the healing of gastroduodenal 
ulcers. 

H 2 -receptor antagonists. These agents (Figure 
3) are specific antagonists that inhibit gastric acid 
secretion competitively and reversibly by blocking the 
histamine receptor on the parietal cell basolateral mem- 
brane. They only partially inhibit acid secretion stimu- 
lated by gastrin and are more effective in suppressing 
intragastric acidity during periods of basal acid secretion. 
However, DU healing is directly proportional to the 
degree of the reduction of nocturnal acidity, and because 
the longest period of basal acid secretion occurs during 
the night, 61 the optimal time for dosing H 2 -antagonists 
in the treatment of DU is between the evening meal and 
bedtime (Table 4). These drugs promote healing in 
~70%-80% of patients after 4-6 weeks compared with 
placebo healing rates of 20%-45%. 

Reports in the literature are conflicting regarding the 
superiority of one H 2 -antagonist over another in healing 
DUs. Mclsaac et al. 63 performed a meta-analysis of 44 
clinical trials involving more than 4300 patients to 
compare DU healing with 4 weeks of ranitidine, 150 mg 



twice daily, and cimetidine, 400 mg twice daily or 
1 g/day. They found a significant difference between the 2 
agents, with overall healing 7% greater in the ranitidine 
group. However, multidose regimens have been largely 
replaced by a single evening-dose regime (with an 
equivalent total daily dose), which takes advantage of the 
observation that ulcer healing is proportional to the 
effectiveness of nocturnal acid secretion. In a large 
American multicenter trial, Gitlin et al. 64 found that 40 
mg famotidine twice daily was equivalent to 40 mg of the 
drug given only once at bedtime in promoting DU 
healing. In several subsequent comparative trials, 40 mg 
famotidine and 300 mg nizatidine at bedtime have been 
found to have an effect similar to ranitidine in healing 
both DU and GU, with healing of 55%~65% of GU and 
73%_75% of DU at 4 weeks. 65 * 66 Thus, as stated above, 
it is now recommended that all H 2 -receptor antagonists 
be administered between the evening meal and bedtime 
(Table 4) in the treatment of gastroduodenal ulcer. It also 
appears reasonable to recommend 4 and 8 weeks of 
therapy for acute DU and GU, respectively. 

PPIs. As discussed below, in addition to their use 
in the treatment of gastroduodenal ulcers caused by H. 
pylori, PPIs are the agent of choice for the treatment of 
ZES and for healing ulcers associated with the use of 
NSAIDs. PPIs appear to heal gastroduodenal ulcers more 
rapidly than H 2 -receptor antagonists. In a meta-analysis 
comparing the healing of DU, Holt and Cowden 67 
reported that omeprazole, 20 mg every morning for 4 
weeks, was superior to both 300 mg ranitidine and 800 
mg cimetidine, both administered at bedtime (Figure 6). 
Similarly, in another meta-analysis, Poynard et al 68 
found that lansoprazole, 30 mg every morning, healed 
significantly more ulcers than 300 mg ranitidine and 40 
mg famotidine, both administered at bedtime. The 
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Figure 6. Meta-analysis comparing duodenal ulcer healing at 2 and 4 
weeks with 800 mg cimetidine (E) or 300 mg ranitidine (■), both 
administered at bedtime, with 20 mg omeprazole daily (□). *P < 
0.001. Data from Holt and Howden. 67 
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I pooled healing rates were 60% and 85% for lansoprazole 
at 2 and 4 weeks, respectively; the corresponding figures 
for the H 2 -antagonists were 40% and 75%. 68 Rabepra- 
zole 69 and pantoprazole 70 have also demonstrated supe- 
rior and accelerated DU healing compared with H 2 - 
receptor antagonists. PPIs also appear to heal GUs more 
rapidly and at a greater rate than H 2 -blockers. For 
example, Bader and Delchier 70 reported that pantopra- 
zole healed 32% and 15% more GUs at 4 and 8 weeks, 
respectively, than ranitidine. While clearly more effec- 
tive, as will be discussed below, the margin of benefit 
conferred by PPIs over H 2 -antagonists in the healing of 
ulcers is far smaller than the advantage offered by these 
agents in the treatment of GERD. Moreover, like the 
H 2 -blockers, the optimal duration of therapy with PPIs 
should be 4 and 8 weeks of therapy for acute DU and GU, 
respectively. The dosing of PPIs in the treatment of 
gastroduodenal ulcer is summarized in Table 4. 

In summary', nearly all peptic ulcers will eventually 
heal, as evident by the placebo responses in the above- 
mentioned studies. Antisecretory therapy accelerates the 
healing process and allows for more rapid relief of 
symptoms. Antacids, H 2 -receptor antagonists, and PPIs 
have similar healing rates when given for at least 4 weeks, 
although the latter agents appear to heal ulcers more 
rapidly and to a greater extent than the others. Moreover, 
because PPIs are commonly used in H. pylori eradication 
regimens and because they heal gastroduodenal ulcers in 
patients continuing NSAID use, they have become, and 
will likely remain, the mainstay of therapy for healing 
gas trod udoenal ulcers. 

The Role of Maintenance Therapy in 
Gastroduodenal Ulcer 

The natural history of PUD has changed signifi- 
cantly with the recognition that eradication of H. pylori 
infection in DU patients greatly diminishes the relapse 
rate. Graham et al. 71 showed that after a median fol- 
low-up of 38 weeks, only 1 2% of patients who underwent 
H. pylori eradication relapsed, compared with 95% of 
patients who received H 2 -receptor antagonists alone. 
Other studies report similar relapse rates after H. pylori 
therapy, so that the maxim "once an ulcer, always an 
ulcer" no longer holds true. 

Accordingly, the role of maintenance antisecretory 
therapy has changed in recent years. Before embarking on 
Jong- term therapy, careful attention must be paid to the 
elimination of the most important risk factors for ulcer 
recurrence: H. pylori infection and NSAID use. Several 
studies have demonstrated the cost-effectiveness of H. 
pylori eradication compared with maintenance antisecre- 
tory therapy, which may cost up to $1200 per year. 72 In 



general, only high-risk ulcer patients should be consid- 
ered as candidates for maintenance antisecretory therapy. 
This group includes patients with a history of ulcer 
complications, those who have frequent recurrences, 
those who are H. pylori negative, and those who fail to 
clear H. pyloi'i infection despite appropriate therapy. 
However, even patients who have had a complicated ulcer 
may not require maintenance therapy, provided H. pylori 
infection is cured. 73 * 74 Maintenance therapy regimens 
include an H 2 -receptor antagonist administered at bed- 
time at one half the dose required for initial healing or a 
PP1 taken before breakfast (Table 4). 

Role of Acid Inhibition in Healing 
NSAID-lnduced Gastroduodenal Ulcers 

The optimal treatment for patients with NSAID- 
induced gastroduodenal ulcers is the discontinuation of 
any potentially aggravating factors. If NSAID use must 
be continued, however, the capacity to heal ulcers varies 
among the various antisecretory agents. 

H 2 -receptor antagonists. Several open, uncon- 
trolled, nonrandomized studies 75 and prospective, random- 
ized studies 76 have suggested that treatment with conven- 
tional doses of H 2 -receptor antagonists for 6-12 weeks 
results in healing of —75% of GUs and 85% of DUs 
despite the continued use of NSAIDs. When NSAID use 
is continued, healing appears to be delayed and is largely 
dependent on the initial ulcer size. O'Laughlin et al. 77 
reported a 90% healing rate of small GUs (<5 mm in 
diameter) after an 8-week course of cimetidine treatment, 
while only 25% of ulcers >5 mm in diameter healed. 

PPIs. Recently, Hawkey et al. 78 compared the 
capacity of misoprostol (200 urn 4 times daily) and 
omeprazole (20 mg or 40 mg daily) to heal gastroduode- 
nal ulcers in patients continuing NSAID therapy 
(OMNIUM Study). After 8 weeks of therapy, omeprazole 
at both doses healed 89% of the DUs, whereas only 77% 
of DUs in those receiving misoprostol were healed. GU 
healing was detected in 80%, 87%, and 73% of those 
receiving 40 mg omeprazole, 20 mg omeprazole, and 
misoprostol, respectively. 78 

In a recent multicenter trial by Yeomans et al. 
(ASTRONAUT Study) 79 in a group of 541 patients, the 
superiority of omeprazole over ranitidine in treatment of 
NSAID-related gastroduodenal ulcers was demonstrated. 
Ulcer healing rates at 8 weeks were 79%, 80%, and 63% 
in those receiving 40 mg omeprazole, 20 mg omeprazole, 
and 150 mg ranitidine twice daily, respectively. Another 
study by Agrawal et al. 80 compared the efficacy of 
lansoprazole and ranitidine in healing of GUs in patients 
continuing NSAID therapy. After 8 weeks, ulcers were 
healed in 57% of individuals receiving 150 mg ranitidine 
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twice daily, while healing rates were 73% and 75% in 
those treated with 15 and 30 mg lansoprazole (each once 
daily), respectively. These observations indicate that PPIs 
have the capacity to heal gastroduodenal ulcers at an 
accelerated rate whether or not NSAID use is continued. 
Although ulcer healing is possible with H 2 -receptor 
antagonists and antisecretory doses of misoprostol, the 
above studies indicate that the more potent inhibition of 
gastric acid secretion provided by PPIs enhances their 
healing properties (Table 4). 

Prophylaxis of NSAID- Associated 
Gastroduodenal Ulcers 

Because of the number and serious nature of 
NSAID-related GI complications, recent efforts have 
been directed at the prevention of mucosal injury induced 
by NSAIDs. Although the optimal means of minimizing 
this risk is to avoid NSAIDs and substitute with a less 
toxic agent, NSAID use is commonly preferred. Two 
strategies have thus been used to prevent ulcers: the use of 
concomitant medication and the development of safer 
anti-inflammatory agents, such as the cyclooxygenase 
2-specific inhibitors and nitric oxide-releasing NSAIDs. 
The use of these latter agents has been reviewed re- 
cently 16,81 and will not be discussed below. Because 
dyspeptic symptoms are not a reliable warning sign for 
the development of serious NSAID-related mucosal 
injury, 16 it is important to identify patients who are more 
likely to suffer adverse consequences with NSAID therapy. 
Advanced age has been consistently found to constitute 
one of the primary risk factors for adverse GI events and 
appears to increase in a linear fashion. 16 Contrary to 
previous reports suggesting adaptation with time, recent 
studies indicate that the risk of NSAID-associated GI 
hemorrhage remains constant over an extended period of 
observation. 82 Other risk factors include high NSAID 
doses, prior history of gastroduodenal ulcer and gastroin- 
testinal bleeding, use of concomitant corticosteroids, 
significant comorbid conditions, and coadministration of 
anticoagulants. 16 However, many of these studies are 
based on univariate analysis and do not consider the 
interactions among multiple factors and comorbidities. 

The identification of H. pylori as an etiologic factor in 
the development of peptic ulcer has raised the question of 
a possible synergistic relationship between the presence of 
this organism and NSAID use in the development of 
gastroduodenal mucosal injury. Most, 83 " 86 but not all, 87 - 88 
studies have found these 2 risk factors to be independent. 
For example, Chan et al. 88 found that eradication of H. 
pylori using a regimen that included bismuth subcitrate 
significantly decreased the occurrence of ulcers associated 
with the use of naproxen. In this study, ulcers developed 



in 26% of H. pylori-infected individuals but in only 7% 
of persons successfully treated with antimicrobial therapy. 
While provocative, the inclusion of bismuth in the drug 
regimen conferred a level of ambiguity to this study 
because of the ability of bismuth to accumulate in the 
gastric mucosa and stimulate prostaglandin synthesis. 89 
Most recently, Hawkey et al. 90 randomized 285 patients 
with current or previous ulcers receiving NSAIDs to 
therapy with omeprazole, clarithromycin, and amoxicil- 
lin or omeprazole alone and found that although H. pylori 
eradication did not affect the rate of ulcer recurrence, 
gastric ulcer healing was impaired in those individuals 
successfully treated. It thus appears that H. pylori infec- 
tion increases the risk of gastroduodenal injury associated 
with NSAID use only minimally, if at all. 16 

H 2 -receptor antagonists. Two large placebo- 
controlled, prospective trials investigated the protective 
effect of ranitidine in arthritis patients receiving concomi- 
tant NSAID therapy. 91,92 Ranitidine, 150 mg twice per 
day, proved to be effective in preventing DUs, with rates 
of 0% and 1.5% in the 2 studies, compared with 8% in 
placebo-treated patients. In contrast, ranitidine at this 
dose was ineffective in preventing GUs in both studies. 
Taha et al. 93 recently reported a beneficial effect of 
high-dose famotidine (40 mg twice per day) in prevent- 
ing both gastric and DUs in arthritis patients receiving 
NSAIDs for 24 weeks. Although symptomatic relief was 
also observed in the group randomized to famotidine, the 
beneficial effect, although statistically significant, was 
modest, and the cost associated with such doses of 
H^-receptor antagonists is considerable. Thus, the use of 
H 2 -receptor antagonists in the prevention of NSAID- 
associated ulcers cannot be recommended. 

PPIs. In addition to examining ulcer healing, the 
recent ASTRONAUT study also compared omeprazole 
and ranitidine in the prevention of recurrent gastroduode- 
nal ulcer in a large number of arthritic individuals in 
whom ulcers had healed and NSAID therapy was contin- 
ued. A group of 432 patients was randomly assigned to 
treatment with either 20 mg omeprazole once daily or 
150 mg ranitidine twice daily. 79 At the end of 6 months, 
16.3% and 4.2% of those given ranitidine developed 
gastric and DUs, respectively, while only 5.2% developed 
a GU and 0.5% a DU in the omeprazole group. 79 

In the recent OMNIUM study, the capacity of omepra- 
zole and misoprostol in preventing ulcer recurrence was 
compared in arthritic individuals continuing NSAID 
therapy. 78 In this double-blind, placebo-controlled trial, 
732 patients in whom ulcers had healed were randomized 
to receive either placebo, 20 mg of omeprazole once daily, 
or 200 pm of misoprostol twice per day as maintenance 
therapy. After 6 months, DUs were detected in 12% and 
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10% of those treated with pJacebo and misoprostol, 
respectively, while only 3% of those treated with omepra- 
zole developed a DU. Gastric ulcer relapse occurred in 
32%, 10%, and 13% of the individuals receiving pla- 
cebo, misoprostol, and omeprazole, respectively. 78 These 
studies suggest that PPIs are superior to H 2 -receptor 
antagonists in maintaining patients in remission during 
continued NSAID use, 16 - 94 as well as in improving 
dyspeptic symptoms associated with the use of NSAJDs. 

Prostaglandins. As discussed above, although 
not potent antisecretory agents, the acid-inhibitory prop- 
erties of misoprostol appear to be critical for exerting its 
beneficial clinical effects. In their initial study, Graham et 
al. 95 reported that the prevalence of GUs in osteoarthritis 
patients who were receiving NSAIDs was 1.4% in those 
concomitantly taking 200 um misoprostol 4 times daily, 
5.6% receiving 100 um misoprostol 4 times daily, and 
21.7% receiving placebo. The efficacy of misoprostol in 
DU prophylaxis was confirmed in another study by 
Graham et al. 96 In this group of 638 patients, misoprostol 
significantly reduced the incidence of DUs from 4.6% in 
those taking placebo to 0.6% in those receiving 200 um 
misoprostol 4 times daily. Because of the dose-dependent 
adverse effects of this agent, Raskin et al. 97 conducted a 
study to evaluate 3 different regimens (200 um twice, 3 
times, and 4 times daily). Their study indicated that, 
although lower doses of misoprostol are better tolerated, 
the drug must be taken at least 3 times a day to provide 
significant prophylaxis for NSAJD-induced GUs. Finally, 
Silverstein et al. 98 conducted the Misoprostol Ulcer 
Complication Outcomes Safety Assessment (MUCOSA) 
trial and observed a 40% reduction in overall complica- 
tions from NSAID-associated ulcers in individuals taking 
200 pm misoprostol 4 times per day. 98 

Despite being a highly effective form of therapy for 
preventing NSAID-induced ulcers and the only drug 
approved by the Food and Drug Administration (FDA) 
for prophylaxis against NSAID-related gastroduodenal 
ulcers, misoprostol is associated with a significant num- 
ber of adverse effects, including dose-related diarrhea and 
spontaneous abortion. Presently, it thus appears that after 
an NSAID-related gastroduodenal ulcer is healed and it is 
determined that NSAID use must be continued, recur- 
rent ulceration may be prevented either by the use of a 
cydooxygenase 2-specific inhibitor, such as celecoxib or 
rofecoxib, or concomitant administration of misoprostol 
(at least 200 pm 3 times daily) or a PPI (Table 4). 16 - 81 
However, it must be stressed that, despite the marked 
efficacy of PPIs in improving dyspeptic symptoms and 
preventing endoscopic ulcers caused by NSAID use, 16 ' 81 * 94 
prospective clinical outcome analyses have not yet been 
performed to assess the ability of PPIs to prevent 



NSAID-related ulcer complications. Likewise, studies 
aimed at determining the most cost-effective means of 
approaching the significant issue of NSAID-related GI 
toxicity have not yet been performed. 

ZES 

Although concern for patients with ZES initially 
revolved around massive hyperchlorhydria and virulent 
peptic ulceration, the availability of potent inhibitors of 
acid secretion refocused attention on the malignant 
potential of the gastrinoma. 99 ; 100 The goal of therapy in 
patients with ZES is surgical extirpation of all tumor, 
which is possible in —50% of individuals with sporadic 
gastrinoma. A recent study by Norton et al. 99 confirmed 
the inability to successfully maintain individuals with 
familial forms (multiple endocrine neoplasia type I) in a 
disease-free state for prolonged periods. These patients 
require potent acid suppression for an indefinite period. 
Moreover, all patients with ZES, whether sporadic or 
familial, require antisecretory therapy after the diagnosis 
is established and during initial evaluation as attempts 
are made to localize the gastrinoma. 

Patients with ZES should be treated initially with a 
PPI, using twice the dose normally employed to treat 
gastroduodenal ulcers associated with H. pylori infection 
or NSAID use (e.g., 40 mg omeprazole or 40 mg 
rabeprazole, 60 mg lansoprazole, or 80 mg pantoprazole, 
all administered before breakfast). 100 The relief of epigas- 
tric pain does not reliably predict the absence of mucosal 
injury, 101 although the relief of all symptoms associated 
with ZES, including heartburn and diarrhea, is desirable. 
The only parameter to reliably predict gastroduodenal 
mucosal injury is the level of acid inhibition. After a 
steady state has been achieved, basal acid output should 
be measured 1 hour before the next dose of the PPI is to 
be administered. The goal of therapy is not achlorhydria, 
but rather a basal acid output of 1-10 mmol/h. 101 If 
complete inhibition of acid secretion is evident, the PPI 
dose should be decreased by 50% and the patient 
reassessed. If the basal acid output is >10 mmol/h, the 
dose should be increased incrementally, and for doses 
>60 mg of omeprazole (or an equivalent dose for the 
other PPIs), the PPI should be divided and one half given 
before breakfast and one half before dinner. Patients 
should be evaluated periodically (every 6-1 2 months) and 
dose adjustments made accordingly. In contrast to the 
H 2 -receptor antagonists, which are now rarely used for 
the treatment of the ZES because of tachyphylaxis 
associated with their prolonged use, the need to increase 
the PPI dose is necessary in only —10% of ZES 
patients. 101 
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GERD 

Therapy for GERD can be approached in 2 
different fashions. The correction of the mechanisms 
involved in the pathogenesis of GERD includes a decrease 
in the frequency of transient LES relaxations and an 
improvement of esophageal clearance to minimize the 
exposure of the esophagus to acidic gastric contents. The 
more commonly used approach, however, employs the 
neutralization or suppression of intragastric acidity, 
whereby, despite the continued reflux of gastric contents 
into the esophagus, the refluxate is rendered nonirritating 
to the esophageal mucosa (Table 5). This approach not 
only provides symptomatic relief, but also treats and 
prevents mucosal injury. 

Antacids. Antacids have been used since the time 
of the ancient Greeks, who used coral powder (containing 
calcium carbonate) to treat various digestive maladies. 
Before the introduction of cimetidine in the mid-1970s, 
they comprised the mainstay of therapy for GERD. 
Although a few old studies compared antacids with 
cimetidine in the treatment of esophagitis, ,02,H)3 these 
drugs are now used exclusively to treat mild episodic 
heartburn and are rarely prescribed. When used by 
individuals for the treatment of heartburn, they offer the 
advantage of prompt, although often unsustained, relief. 

Histamine H 2 -receptor antagonists. The H 2 - 
receptor antagonists are used extensively for GERD, both 
in over-the-counter and prescription formulations. Early 
studies of the efficacy of these drugs were disappointing, 
largely because they were performed using doses com- 
monly employed to treat PUD. It is now recognized that 
GERD requires higher doses of H 2 -antagonists to effec- 
tively treat this disorder. A randomized, controlled trial 
of cimetidine, 800 mg twice daily for 12 weeks, showed 

Table 5. Antisecretory Drug Regimens for Treatment: of GERD 

H 2 -receptor antagonists 
Nonerosive GERD 
Cimetidine 400 mg twice/day 
Ranitidine/nizatidine 150 mg twice/day 
Famotidine 20 mg twice/day 

Therapy should be individualized to fit patient requirements; 
often effective when administered between breakfast and 
lunch, and between the evening meal and bedtime 
Erosive GERD 

Cimetidine 400 mg every 6 h 

Ranitidine/nizatidine 150 mg every 6 h 

Famotidine 40 mg every 12 h 

PPls 

Nonerosive or erosive GERD 
Omeprazole 20 mg daily or 20 mg twice/day 
Lansoprazole 30 mg daily or 30 mg twice/day 
Rabeprazole 20 mg daily or 20 mg twice/day 
Pantoprazole 40 mg daily or 40 mg twice/day 
All administered daily before breakfast; second dose, if neces- 
sary, should be given before evening meal 



symptom relief and mucosal healing in 67% of patients, 
compared with 36% in the placebo arm. 104 Similar 
studies of famotidine showed 12-week healing rates of 
75% for dosing 20 mg twice daily and 66% for dosing 40 
mg at bedtime. 105 Other studies show comparable re- 
sults, with 50%— 75% rates of symptom relief and 
healing. The rates of healing are clearly related to the 
initial severity of esophagitis, with rates for grade I — I J 
esophagitis approaching 80%, and rates of only 30%- 
50% with grade III— IV disease. 106 The timing of drug 
administration is also important. In patients with erosive 
GERD, most reflux episodes occur between the evening 
meal and midnight, and in mild GERD, nocturnal acid 
suppression may be as effective as multiple daily doses. 
Studies comparing nocturnal with twice-daily dosing 
show 80%-90% healing rates for grade I disease, 60%- 
70% for grade II, and 40%-50% for grade HI.105.107.108 
Thus, patients with grade I esophagitis may benefit from 
once-daily dosing after dinner or bedtime, but patients 
with higher grades of disease will generally require 
multiple doses per day. In all cases, however, individual- 
ization of therapy must be considered. 

PPls. Numerous studies have documented the 
efficacy of PPls in controlling GERD symptoms and 
healing esophagitis. Pooled data from 3 studies including 
653 patients treated with lansoprazole, 30 mg daily, in 
patients with grade II or worse esophagitis showed 
80%-90% healing at 4 weeks and 92% healing at 8 
weeks. 1 09-1,1 Comparative trials of PPls and Hi- 
antagonists show a clear advantage with the former 
agents. One trial comparing lansoprazole, 30 mg daily, 
and ranitidine, 300 mg twice daily, in patients with 
moderate- to-severe erosive GERD showed 91% healing 
in 8 weeks with lansoprazole compared with 66% healing 
for ranitidine. 112 PPls are also effective in patients with 
GERD unresponsive to high-dose H^-blocker therapy. In 
patients refractory to cimetidine, 800 mg 4 times daily, 
or ranitidine, 300 mg 3 times daily, therapy with 40 mg 
omeprazole in the morning healed esophagitis in 91% of 
patients studied. 113 

In general, standard doses of PPls (20 mg omeprazole, 
30 mg lansoprazole, 20 mg rabeprazole, or 40 mg 
pantoprazole, all administered before breakfast) will 
relieve symptoms and heal esophagitis in approximately 
85%-90% of cases '(Table 5). In a large meta-analysis, 
China et al. m clearly demonstrated the superiority of 
PPls over H 2 -receptor antagonists in both relieving 
symptoms and in healing esophagitis. In nonresponders, 
a careful history regarding the timing of PPI administra- 
tion should be obtained. As stated above, the optimal 
time is immediately before breakfast. Once the correct 
timing is established, a second dose of the PPI (before the 
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evening meal) should be attempted initially before 
substituting with another PPI. If symptoms persist, 
patients should undergo an endoscopic evaluation, and 
pH monitoring while on medication should be consid- 
ered to confirm the presence of acid reflux and to assess 
the ability of the medications in effectively suppressing 
acid secretion. Peghini et al. 115 have advocated the use of 
H 2 -receptor antagonists at bedtime in such patients. This 
practice may be useful in some individuals, but caution 
must be exercised because of the undesirable effects of 
H 2 -antagonists on PPI activation discussed above. If the 
use of Ho-blockers is being contemplated under such 
circumstances, it is preferable to use a short-acting agent 
to avoid any such interference. Truly refractory patients 
should be referred for consideration for antireflux surgery 
or experimental endoscopic forms of therapy. 

Because GERD is a chronic disorder, maintenance 
therapy has also emerged as an important issue in the 
management of patients with the disease. Most patients 
with GERD, especially those with grade III and IV 
esophagitis, will relapse once therapy is discontinued. 116 
In addition, maintenance of remission usually requires 
the same type and dose of medication that healed the 
initial esophagitis. A landmark study by Vigneri et al. 117 
of maintenance therapy compared 5 regimens: ranitidine, 
cisapride, ranitidine plus cisapride, omeprazole, and 
omeprazole plus cisapride (Figure 7). All patients (n = 
175) had esophagitis on initial endoscopy and were 
treated with 40 mg omeprazole daily for 8 weeks before 
starting one of the maintenance regimens (n = 35 for 
each group). After 12 months of treatment, remission was 
maintained in 80% of the omeprazole group vs. 54% in 
the cisapride and 49% in the ranitidine groups. Raniti- 
dine plus cisapride was significantly better than raniti- 
dine alone (66% remission), and the combination of 
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Figure 7. Comparison of 5 regimens used as maintenance therapy in 
patients with erosive GERD. Data represent the mean percentage of 
patients in remission after 12 months of therapy. Data from 
Vigneri et a!. 117 



omeprazole plus cisapride was best of all, with an 89% 
remission rate; however, the latter combination was not 
significantly better than omeprazole alone (80%).* 17 This 
study is representative of maintenance trials of GERD, 
showing significantly better remission rates with PPI 
therapy than with H 2 -antagonists or prokinetic regi- 
mens. 

PPIs are also effective in the treatment of esophageal 
strictures, a well-known complication of erosive GERD. 
Management of strictures consists of endoscopic dilation 
and antisecretory therapy to heal esophagitis. Studies 
comparing PPI to H 2 -antagonist therapy have shown that 
the former heals esophagitis more effectively and de- 
creases the eventual number of esophageal dilations 
required to relieve dysphagia. 118 ' 119 Medical therapy in 
cases of Barretts esophagus is aimed at healing the 
associated esophagitis. PPIs are effective in promoting 
healing, but do not appear to reduce the length of 
Barretts segments. Interestingly, patients treated with 
PPIs in several studies did develop islands of squamous 
mucosa within the Barretts segments. 120 However, to 
date, no studies have shown true regression of Barrett's 
esophagus or a decrease in the risk of esophageal malig- 
nancy with medical therapy. Similarly, antireflux surgery 
clearly heals esophagitis and relieves symptoms, but it 
does not produce regression of the Barrett's mucosa. 121 

The role of duodenogastric reflux of bile in the 
pathogenesis of GERD remains controversial. Vaezi and 
Richter 122 found that acid and duodenogastric bile reflux 
commonly occurs simultaneously in patients with compli- 
cated and severe GERD. However, they also reported that 
esophageal mucosal injury as a result of bile acids is pH 
dependent. PPIs not only decrease gastric volume, thereby 
decreasing gastroesophageal reflux, but also increase 
intraluminal pH, resulting in precipitation of conjugated 
bile acids. Zhang et al. 123 recently demonstrated that 
dihydroxy bile acids, such as deoxycholate and chenode- 
oxycholate, may induce cyclooxygenase 2 transcription in 
human esophageal carcinoma cells, an effect that may 
explain their tumor-promoting effects. Whether bile 
acids promote the progression of Barrett's metaplasia to 
dysplasia has not yet been determined. 

A recent study by Lagergren et al. 124 reported a strong 
etiologic relationship between adenocarcinoma of the 
esophagus and GERD, with the greatest risks correlating 
with more frequent, more severe, and longer-lasting 
reflux. They also reported that patients treated medically 
had a greater cancer risk than those who were not. It is 
highly unlikely that medical therapy itself increases the 
risk of esophageal adenocarcinoma. Nevertheless, while 
antireflux therapy is clearly indicated for the manage- 
ment of GERD, no studies to date have proven that either 
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medical or surgical treatment alters the natural history of 
Barrett's esophagus. The results of these studies thus 
emphasize the need for continued surveillance of patients 
with Barretts esophagus despite maximal acid suppres- 
sion with PPIs or surgical therapy. Fundoplication offers 
the theoretical advantage of decreasing both gastroesoph- 
ageal and duodenogastric reflux, but many endoscopists 
have found Barrett's surveillance technically far more 
difficult in surgically treated individuals. 

It has become increasingly evident in recent years that 
a number of tracheopulmonary and other extraesophageal 
symptoms may occur as a result of acid reflux. In 
reflux-induced asthma, airway reactivity may be caused 
by either the aspiration of refluxed gastric contents or by 
vagally mediated bronchoconstriction induced by the 
presence of acid in the esophagus. Previous studies have 
indicated that 34%-89% of patients with asthma have 
concomitant GERD. However, because GERD and asthma 
are such common entities, an etiologic relationship has 
been difficult to establish. An uncontrolled trial of 30 
patients with asthma and GERD proven by pH monitor- 
ing conducted by Harding et al. 125 showed that a 
3-month course of omeprazole led to symptom improve- 
ment or improved pulmonary function in 73% of 
subjects. In this study, most of the improvement was 
detected in a small group of individuals, suggesting that 
acid reflux may be the principal asthma trigger in a small, 
but as yet undefined, group of individuals. Unfortu- 
nately, no randomized, controlled studies evaluating the 
efficacy of antisecretory therapy for asthma have been 
performed to date. Although idiopathic hoarseness and 
other symptoms of chronic laryngitis have been associ- 
ated with GERD in several small series, studies evaluat- 
ing the precise etiologic relationship between otolaryngo- 
logic symptoms and GERD are likewise lacking in rigor. 
Interestingly, in studies that included pH monitoring of 
patients with laryngeal symptoms and GERD, a signifi- 
cantly higher incidence of proximal acid reflux was 
detected in patients with otolaryngologic symptoms, 
suggesting that direct acid exposure probably contributes 
to the otolaryngologic symptoms in these patients. 126 
Trials of therapy in these patients are either small or 
uncontrolled, but they do suggest true benefit in patients 
treated with PPIs generally administered in 2 doses 
(before breakfast and before the evening meal). 127 

Noncardiac chest pain (NCCP) refers to a syndrome of 
substernal chest pain in patients with no identifiable 
cardiac disease. Many individuals with this disorder 
appear to have an esophageal source for their symptoms, 
with GERD and esophageal dysmotility disorders account- 
ing for the majority of cases in which an esophageal 
origin of the pain syndrome is identified. The history 



alone does not satisfactorily distinguish between cardiac 
and esophageal etiologies of chest pain with sufficient 
accuracy, and classic anginal symptoms may occur with 
chest pain of esophageal origin. It is thus imperative to 
first exclude ischemic heart disease before embarking on a 
gastroenterological evaluation. Several studies, however, 
have shown that acid reflux is the most common cause of 
NCCP, accounting for 25%— 50% of cases in several 
studies. 128 Once a cardiac etiology of chest pain has been 
excluded, an endoscopy is recommended to search for 
gastroduodenal ulcer, esophageal or gastric cancer, or 
esophagi tis (infectious or reflux-related). If the endoscopy 
is unrevealing, nonerosive GERD may still be the 
etiology of chest pain, and an empirical trial of PPI 
therapy is recommended. 129 ' 130 Fass et al. 130 recently 
demonstrated the usefulness of such an empirical trial in 
determining the etiologic significance of GERD in such 
individuals. If symptoms persist despite 12 weeks of 
therapy, ambulatory pH monitoring while the patient is 
on therapy may be useful in assessing the adequacy of acid 
suppression and documentation of reflux episodes. This 
evaluation is often done in conjunction with esophageal 
manometry to identify any esophageal dysmotility that 
may be responsible for NCCP. 

In general, it appears reasonable to recommend that 
patients with extraesophageal symptoms possibly related 
to GERD be given at least a 2-3-month empirical trial of 
PPI therapy, with doses administered before breakfast 
and before the evening meal. 129 If symptoms do improve, 
it can be surmised that the symptoms are probably acid 
related. If symptoms persist, a 24-hour esophageal dual- 
probe pH study should be performed to determine 
whether acid suppression has been achieved. If patients 
remain symptomatic despite adequate acid suppression, 
it may be assumed that symptoms are not caused by acid 
reflux, provided that therapy has been optimal for a 
sufficient period. 

Recently, an association between long-term PPI use 
and atrophic gastritis was postulated. In a study by 
Kuipers et al. 131 of patients with GERD treated either 
with antireflux surgery or omeprazole maintenance 
therapy, atrophic gastritis was detected after 5 years of 
treatment in 31% of PPI- treated patients who were 
H. pylori positive. During this same period, none of the 
patients treated surgically developed atrophic gastritis. 131 
Eissele et al. 132 also reported that H. pylori-positive 
individuals treated with lansoprazole were at increased 
risk for the progression of fundic atrophy and the 
development of argyrophil cell hyperplasia. In this 
study, 132 no patient developed dysplastic changes or 
carcinoid tumor formation, and atrophic changes wors- 
ened primarily during the first 2 years of therapy, with 
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littJe deterioration thereafter. Such observations led to 
concern over the possibility that long-term PPJ therapy 
in H. pylori-infected patients might lead to an increased 
incidence of atrophic gastritis and possibly adenocarci- 
noma, and some recommendations were thus made to 
eradicate the organism in all patients before initiating 
extended courses of PPJ therapy. However, similar studies 
in the United States and Scandinavia have not confirmed 
this increase in atrophic gastritis with PPI use, and an 
FDA summary based on available data determined that 
atrophic gastritis was not a significant complication of 
PPI therapy in H. pylori-infected patients. 133,134 In 
addition, no studies have actually reported the develop- 
ment of dysplasia or gastric adenocarcinoma in humans, 
which generally occurs only after decades of atrophic 
gastritis and achlorhydria. Furthermore, recent studies 
have suggested that the antisecretory properties of PPIs 
may be enhanced in the setting of H. pylori infection 135 
and that cagA-positive strains of H. pylori may actually 
protect individuals against the development of esopha- 
geal adenocarcinoma. 136 Finally, el-Serag and Sonnen- 
berg 137 recently reported that, although a cause-and- 
effect relationship has not been clearly established, the 
incidence of H. pylori infection and ulcer disease appears 
to be inversely proportional to the incidence of GERD. 
Therefore, presently, routine eradication of H. pylori 
infection does not appear warranted in individuals with 
GERD in whom long-term PPI therapy is being contem- 
plated. Long-term studies will be necessary to determine 
whether certain groups of individuals might benefit from 
antimicrobial treatment. 

Antisecretory medication in the treatment of 
GERD. The question of which antisecretory drug regi- 
men is optimal for the treatment of GERD has been the 
subject of ongoing debate. Advocates for both "step- 
down" (starting with a PPI and then converting a patient 
to long-term H 2 -antagon ist therapy) and "step-up" therapy 
present compelling arguments. With the availability of 
inexpensive generic H 2 -antagonists, many physicians and 
particularly managed-care organizations have opted for 
the latter approach exclusively, and in doing so have often 
unnecessarily delayed effective therapy with PPIs, which 
at present are more costly. It is imperative that the overall 
direct costs of treating any disorder be considered, rather 
than merely the price of each individual tablet or capsule. 
The development of complications and long-term se- 
quelae, 124 as well as patient satisfaction and work days 
lost, both of which contribute to the indirect costs 
associated with treating GERD, should be part of the 
equation in developing strategies for choosing antisecre- 
tory class. Complete symptom relief and mucosal healing 
should be the goal in all individuals with GERD. 



Despite the unequivocal superiority of PPIs over 
H 2 -receptor antagonists in both relieving symptoms and 
in healing esophagitis, the majority of individuals with 
acid reflux disease have mild -to-moderate, intermittent 
symptoms, usually in the absence of esophageal mucosal 
injury. Therefore, in many individuals, initial treatment 
with H 2 -receptor antagonists may be effective in provid- 
ing symptom relief. Another argument in favor of a 
"step-up" approach is the property of PPIs to produce 
rebound acid hypersecretion, 138 particularly in individu- 
als not infected with H. pylori, a phenomenon that may 
render H 2 -antagonists ineffective and mandate the contin- 
ued use of a PPL Also, as discussed previously, PPIs are 
not effective inhibitors of gastric acid secretion when 
given only "as needed," and it is difficult to advocate 
continuous treatment with a PPI under such circum- 
stances, unless it is the only regimen that provides 
satisfactory symptomatic improvement. In general, the 
treatment of GERD differs significantly from the treat- 
ment of gastroduodenal ulcer, in which "one dose (of 
medication) fits all." Specific recommendations for the 
use of antisecretory medication in treating GERD vary 
significantly among individuals and clearly are depen- 
dent on the frequency and severity of the symptoms and 
the presence or absence of mucosal injury. Furthermore, 
in contrast to ulcer disease, in which maintenance therapy 
can usually be accomplished using a dose of medication 
lower than the one necessary for healing an active ulcer, 
the drug regimen used to initially heal esophagitis and 
control GERD symptoms is commonly the same one 
required to maintain an individual in remission. The final 
decision is one that each physician must make, often with 
input from individual patients. Figure 8 offers a sug- 
gested approach to the use of antisecretory medication in 
the treatment of GERD. 

Stress-Related Erosive Syndrome 

The treatment of established or presumed SRES 
involves the institution of nonpharmacologic medical 
principles applicable to the care of the critically ill 
patient at risk, including adequate and aggressive volume 
resuscitation, 139 -' 41 antimicrobial therapy (especially for 
intra-abdominal sources of sepsis), 142 and optimal tissue 
oxygenation. 143 In addition, because luminal acid plays a 
dominant role in producing the multiple erosive lesions 
characteristic of the entity, alkali nization of the gastric 
lumen has historically comprised the mainstay form of 
prophylactic therapy in preventing GI hemorrhage associ- 
ated with this entity. 

Antacids. Several placebo-controlled trials have 
demonstrated the efficacy of antacids in significantly 
reducing the frequency of overt and clinically significant 
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Figure 8. A suggested approach 
to the use of acid-neutralizing 
and antisecretory medication in 
the treatment of GERD of differ- 
ent severity. 



GI bleeding from SRES. 144,145 Antacids exert their 
beneficial effects by decreasing intragastric acidity through 
direct neutralization and by binding pepsin, 145 although 
other studies have postulated additional gastroprotective 
mechanisms. 146,147 Aluminum-based compounds appear 
to increase mucus and bicarbonate production, increase 
gastric mucosal blood flow, bind potentially injurious 
agents like bile acids, and stimulate epithelial cell 
renewal. 145 The goal of acid neutralization is to increase 
the intragastric pH to 4 or greater to prevent the catalytic 
conversion of pepsinogen to its biologically active form, 
pepsin, and thereby reduce proteolytic activity in the 
gastric lumen. In addition, platelet aggregation normal- 
izes above a pH of 5.9, which provides further protection 
against hemorrhage. Antacids are typically administered 
as 30-60-mL aliquots orally or via a nasogastric tube 
every 1-2 hours. 148,149 The regimen requires close moni- 
toring of intragastric pH and individual titration to 
maintain the intragastric pH above 4. In addition to 
diarrhea, which can be quite severe because of the volume 
of antacids needed to maintain the luminal pH above 4, 
the side effects of magnesium-containing antacids in- 
clude alkalemia and hypermagnesemia, and aluminum- 
based antacids cause hypophosphatemia, constipation, 
and metabolic alkalosis, as well as potentially toxic 
plasma aluminum levels in patients with renal insuffi- 
ciency. 150 Furthermore, all antacids can impair the sys- 
temic absorption of drugs, including antibiotics and 
H 2 -antagonists. 151 

Histamine H 2 -receptor antagonists, ^-recep- 
tor antagonists have been shown unequivocally to reduce 
the incidence of overt and clinically significant SRES- 
associated hemorrhage when compared with untreated 
controls. 145,152 A meta-analysis of 16 studies involving 
2133 patients by Shuman et al. 153 showed no significant 



difference in efficacy between antacids and H 2 -receptor 
antagonists in preventing clinically significant hemor- 
rhage caused by SRES. Moreover, both regimens were 
shown to be superior to placebo and were tolerated 
equally well. More recently, a meta-analysis by Tryba et 
al. 145 has suggested that H 2 -blockers may be more 
effective than antacids in SRES prophylaxis. Cimetidine 
is typically administered intravenously by continuous 
infusion at doses of 37.5-100 mg/h, while ranitidine is 
dosed at 6.25-12.5 mg/h and famotidine at 1.7-2.1 
mg/h. All can be administered with or without a loading 
dose, 37 although as discussed above, dose adjustments are 
necessary for individuals with impaired renal function 
(Table 2). Continuous H 2 -receptor antagonist infusion 
appears to provide more stable acid suppression than 
intermittent administration. 37,154 " 157 Currently, because 
of their efficacy and excellent safety profile, as well as ease 
of administration, H 2 -receptor antagonists are generally 
preferred over antacids and PPIs in the prevention of 
SRES-associated GI hemorrhage. A potential problem 
with their use, however, might arise once a patient 
resumes feeding and a decision is made to continue 
antisecretory therapy, but to change to an oral PPI. 
Studies to examine this question have yet to be per- 
formed, but a reasonable suggestion would be to wait a 
period of 6-8 hours between stopping parenteral cimeti- 
dine and ranitidine and 10-12 hours after discontinuing 
famotidine before starting feeding and initiating therapy 
with a PPI. 

PPIs. Some controversy exists regarding the role 
of PPIs in SRES prophylaxis. Despite a few small studies 
suggesting a beneficial effect, 158,159 no large randomized, 
clinical trials have been performed to date to reliably 
assess the true benefit of these agents in preventing 
SRES-associated GI hemorrhage. Two recenc studies in 
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mechanically ventilated ICU patiencs suggested that a 
simplified omeprazole suspension may nor only prevent 
clinically significant SRES-induced hemorrhage but also 
is safe and cost-effective. 160 - 1 61 However, the study de- 
signs were limited in scope, and patient numbers were 
small. Furthermore, omeprazole and other PPIs have an 
enteric coating that has been formulated to dissolve at an 
alkaline pH. The instillation of these granules through a 
nasogastric tube might disrupt this coating within the 
gastric lumen, which may cause acid -catalyzed conver- 
sion to its reactive species. Finally, it must be emphasized 
once again that PPIs are prodrugs, which are normally 
activated after systemic absorption in the highly acidic 
milieu of the secretory canaliculus of activated parietal 
cells. 162 - 163 Activation occurs after a meal, and because 
individuals at risk for the development of SRES are 
generally fasting, these drugs would be significantly less 
active. 162 Despite a prolonged biological half-life, the 
plasma half-life of PPIs is quite short (2-3 hours), and if 
administered intermittently, several doses would be re- 
quired to achieve adequate inhibition of H + ,K + -ATPase. 
The initial dose of the PP1 will only inhibit activated 
H + ,K + -ATPase present in the canalicular membrane, 
and as inactive enzyme is continuously recruited into the 
secretory canaliculus, acid secretion will resume after a 
short period of inhibition. Only pantopra2ole is currently 
available in the United States as an intravenous prepara- 
tion, 165 and although no studies examining this agent in 
the prophylaxis of SRES have been reported, the continu- 
ous infusion of this agent might be expected not only to 
adequately inhibit acid secretion, but also to allow a 
smooth transition to oral PPI therapy. Until these issues 
are resolved with the performance of well-designed, 
randomized, controlled trials, it seems that H 2 -receptor 
antagonists are preferred over the PPIs in preventing GI 
hemorrhage associated with SRES. 

Inhibition of acid secretion and nosocomial 
pneumonia. The possibility of an increased risk of 
nosocomial pneumonia has been suggested as a complica- 
tion of antisecretory therapy for SRES. This notion 
stemmed from studies showing that gastric bacterial 
colonization can occur after only a few days of an alkaline 
intragastric milieu (pH > 4). In addition, a higher 
gastric pH correlates directly with logarithmic increases 
in the concentration of gram-negative organisms in the 
gastric aspirate. 164 In a large study of mechanically 
ventilated patients at risk for the development of SRES, 
Driks et al. 165 reported a pneumonia rate of 12% with 
sucralfate, a basic nonabsorbable aluminum salt of sucrose 
octasulfate, compared with a 23% incidence in the group 
receiving antisecretory medication consisting of cimeti- 
dine with or without antacids. Upon stratification, 



antacids were associated with a 23% incidence of pneumo- 
nia, while only 5.9% of the H 2 -receptor antagonist group 
(lower than those receiving sucralfate) developed pneumo- 
nia, implicating antacids, and not H 2 -blockers, as the 
culprit. Antacids increase gastric volume and thereby 
might increase the potential for aspiration, while the 
gastric volume of patients on antisecretory agents is 
clearly diminished. 165 A more recent meta-analysis of 
trials by Cook et al. 166 examined drug class-specific rates 
of nosocomial pneumonia and concluded that sucralfate 
causes significantly less pneumonia than H 2 -antagonists. 
Unfortunately, in some studies, sucralfate was somewhat 
less effective than alkalinizing agents in preventing 
SRES-associated GI hemorrhage. 165 ' 167 " 1 70 

Taking all these issues into consideration, it would 
appear that the positive attributes of H 2 -receptor antago- 
nists outweigh the risk of nosocomial pneumonia associ- 
ated with their use. Their intravenous administration 
obviates the need for a nasogastric tube, which is often 
necessary when administering antacids or a sucralfate 
"slurry," and not only causes discomfort, but also may 
serve as a conduit for the migration of bacteria from the 
stomach to the pharynx. 165 Although the use of a PPI, 
like pantoprazole, by primed continuous infusion offers a 
theoretical advantage in the transition from intravenous 
to oral therapy, any recommendation regarding their use 
in preventing GI hemorrhage associated with SRES must 
await formal trials evaluating their efficacy and safety. 

GI Hemorrhage 

Although a few reports have suggested benefit 
associated with the use of antisecretory agents in the 
control of nonvariceal GI hemorrhage, 1 7)J 72 most have 
found these agents to be ineffective. 173 174 The rationale 
for the use of antisecretory agents stems from the notion 
that at least two-thirds of cases of GI bleeding are 
associated with an acid-related disorder, such as gastroduo- 
denal ulcer, gastritis, and esophagitis. In addition, after 
initial clot formation, the avoidance of clot lysis may 
reduce recurrent hemorrhage. Previous studies have shown 
that both clot formation and the prevention of clot lysis 
occur more effectively at higher pH levels. 175J 76 The only 
antisecretory agents that have been examined to any 
extent are the H 2 -receptor antagonists and PPIs. Somato- 
statin also inhibits acid secretion by several mechanisms, 
and although this regulatory peptide and its analogues 
have been evaluated in the treatment of both variceal and 
nonvariceal GI hemorrhage, its principal effect appears to 
be a reduction in splanchnic/portal blood flow. 

H 2 -receptor antagonists. No single study has 
convincingly demonstrated an overall benefit of H 2 - 
antagonists in the cessation of acute upper GI hemor- 
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rhage or in the prevention of recurrent bleeding. How- 
ever, Collins and Langman 171 reported a meta-analysis of 
27 randomized, controlled trials involving more than 
over 2500 individuals with upper GI bleeding who had 
been treated with H 2 -antagonists. The odds ratio for a 
beneficial effect of H 2 -blockers on the cessation of 
bleeding, the need for surgical intervention, and mortal- 
ity were 0.89 (P = NS), 0.78 (P = 0.05), and 0.70 (P = 
0.02), respectively. The authors of this study concluded 
that therapy with H 2 -antagonists "... appears to be 
moderately promising, but. . .still needs to be assessed 
reliably. To detect. . . effect reliably might require random- 
ization of 10,000 patients or more." 1 71 

PPIS. The recent availability of more potent 
inhibitors of gastric acid secretion has renewed interest in 
the use of such agents in controlling upper GI hemor- 
rhage. In a double-blind, placebo-controlled trial, Danesh- 
mend et al. 177 examined the effects of omeprazole in 1 147 
patients with nonvariceal upper GI hemorrhage. Omepra- 
zole was given intravenously on the first day, followed by 
80 mg daily for the next 72 hours. No significant 
differences were detected between the omeprazole and 
placebo groups with regard to control of hemorrhage, 
transfusion requirements, or the need for surgical interven- 
tion. In a second study by Khuroo et al., 172 220 patients 
with bleeding duodenal, gastric, or stomal ulcers were 
randomized to 40 mg omeprazole or placebo orally every 
12 hours for 5 days. Bleeding continued in 10.9% and 
36.4% of the patients receiving omeprazole and placebo, 
respectively, and 29.1% and 70.9% of those receiving 
omeprazole and placebo, respectively, required blood 
transfusions (both P < 0.001). While mortality was not 
reduced significantly in the omeprazole group, a trend 
favoring the PPI was observed (1.8% vs. 5.5%). It is 
important to note that endoscopic therapy, usually the 
modality of choice for bleeding ulcers, was not employed 
at all during the course of this trial. 172 Furthermore, 
despite benefit in this study, PPIs are activated after 
systemic absorption, which occurs following a meal, and 
because individuals with actively bleeding ulcers are 
usually fasting, these drugs would be significantly less 
active unless used frequently at higher doses or by 
continuous intravenous infusion. 

More recently, Lin et al. 178 compared the effects of 
cimetidine and omeprazole, both administered by primed 
continuous intravenous infusion, in 100 patients with 
bleeding ulcers controlled initially by endoscopy, a 
contemporary approach more analogous to the current 
therapy of this clinical scenario in the United States. They 
found that omeprazole (160 mg/day) was more effective 
chan cimetidine (1200 mg/day) in maintaining the 
intragastric pH above 6.0 and in preventing recurrent 



ulcer-related hemorrhage (4% vs. 24%, P = 0.004). 
Therefore, because of the safety of antisecretory agents 
and the frequency of acid-related GI bleeding lesions, it is 
not unreasonable to treat individuals with hemorrhage 
from an upper GI source initially with either an H 2 - 
receptor antagonist or a PPI, preferably administered via 
the intravenous route, until diagnostic and therapeutic 
endoscopy can be performed. If an ulcer is detected at 
endoscopy, antisecretory drugs should be instituted after 
injection, thermal coagulation, or electrocoagulation to 
treat the active ulcer and possibly to prevent rebleed- 

ing.178,179 

Nonulcer Dyspepsia 

An exhaustive review of an approach to the patient 
with nonulcer dyspepsia is beyond the scope of this 
manuscript and has been the subject of a recent review 
and position statement in Gastroenterology. ]H0,m More- 
over, the role of H. pylori infection in the etiology of 
dyspepsia, if any, 182,183 is discussed elsewhere in this 
Supplement. In general, patients with GERD and those 
with a biliary etiology, most of whom can be identified by 
obtaining a careful history, should ideally be removed 
from the category of nonulcer dyspepsia. Individuals with 
dyspeptic symptoms who fit specific criteria, which 
include age <45 and the absence of any alarm symptoms, 
may be treated empirically with either antisecretory 
agents or prokinetic medication. The latter should be 
used if features suggestive of a motility disturbance are 
evident, such as concomitant features of irritable bowel 
syndrome, abdominal disrention, eructations, or detec- 
tion of a psychological disturbance. In most other 
settings, including dyspepsia associated with the use of 
NSAIDs, 16 antisecretory medications are often used and 
have been reported in some studies to be helpful in relieving 
symptoms. 180,181,184 However, with the exception of 
NSAID-related dyspepsia, 16 universal and unequivocal 
benefit of antisecretory agents in the symptomatic treat- 
Table 6. Recommendations for Antisecretory Drug Treatment 
of Nonulcer Dyspepsia 

preceptor antagonists 
Cimetidine 400 mg twice/day 
Ranitidine/nizatidine 150 mg twice/day 
Famotidine 20 mg twice/day 

Therapy should be individualized to fit patient requirements; often 
effective when administered between breakfast and lunch, and 
between the evening meal and bedtime 

PPIs 

Omeprazole 20 mg daily 
Lansoprazole 30 mg daily 
Rabeprazole 20 mg daily 
Pantoprazole 40 mg daily 

All administered daily before breakfast; second dose, if necessary, 
should be given before evening meal 
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merit of dyspepsia has nor been demonstrated. 185,186 
Moreover, it is important to avoid introducing long-term 
drug use in individuals with "functional dyspepsia," 
particularly because of the considerable benefit of placebo 
in such individuals. 186 When employed, the initial doses 
of medication, whether H 2 -antagonist or PPJ, should 
generally be low (Table 6), and dosing should be flexible 
and optimized to meet the individual needs of each 
individual. If used on an "on-demand" basis, H 2 -blockers 
offer an advantage over PPIs because of their relatively 
fast onset of action and, as discussed previously, the 
length of time necessary to achieve steady-state concentra- 
tions when using the latter. 
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Tabic 40.5 • Adverse Effects from Antiulcer Therapy 



toxic effects 



Side- cflccLs 



Drug intcnir lions 
Absorption 



mediated 



Excretion 



H, BLOCKERS 



OMEPRAZOLE 



Hypochlorhydri;t: 
B;jc:icrijil overgrowth 
Hypergu^iriiiernizi 
Altered absorption from alkali nidation 
Decreased absorption of divalent cations 
Decreased viiamin B,.. absorption 

Amiaiiclroyeiiic: cimeiidinc central 
nervous system reactions: 
headaches: immune modulation: 
cardiac conduction abnormalities: 
idiosyncratic hepatic injury: 
i ni m i j nc h y t>e rsens i t i vi t y 
reactions: thrombocytopenia: 
granulocytopenia 

Intraluminal* alkalinizaiion, inhibits absorption 
ice., ketocunuzolc) 



Cimetidine (> ranitidine) 
Warfarin, theophylline, phenytoin. 
diazepam, propranolol 

J Renal tubular excretion of 
procainamide 



Diazepam, warfarin, 
phenytoin 



SUCRALFATE 



ANTACIDS 



Aluminum absorption, 
phosphate depletion 



Intraluminal druu hindine of tetracycline, 
ciprofloxacin, isoniazid, chloruqutne. 
warfarin, dipoxin, phenytoin. ujinidine. 
aspirin and other nonsteroidal anti- 
inflammatory drugs, cimetidine. 
ranitidine, ferrous sulfate, theophylline 



lionj: (2) side effects, which reflect actions unrelated to the 
primary therapeutic action: and (3) drug interactions. 

H. : RAs are remarkably safe drugs: in randomized trials, 
adverse reactions are similar to placebo. 24 ' However, a number 
of uncommon side effects have been reported, primarily as 
isolated cases or in retrospective, uncontrolled series. How- 
ever, causality cannot be established from the temporal associ- 
ation between drug use and an untoward effect, particularly 
when the clinical situation is complicated by serious medical 
illness and the use of multiple drugs. 2,0 In addition, solid 
conclusions regarding causality can only be drawn with drug 
■ rechallenge, which is rarely performed. Although differences 
exist among H : RAs. the focus has been on cimetidine for 
several reasons: ( I ) the reporting of side effects is directly 
proportional to the clinical experience with a compound; (2) 
side effects are more commonly repotted when the class of 
compounds is newly introduced: and (3) bias is created once 
a drug, is Jinked to a putative side effect."' Therefore, in the 
absence of controlled comparisons, only limited conclusions 
can be drawn regarding the relative occurrence of uncommon 
side effects with the H : RAs. 

Cimetidine produces gynecomastia and impotence in dose- 
and time -dependent fashion. Gynecomastia is rare with less 
than 8-week treatmem ai normal doses and occurred in only 
0.2% of men treated for 26 weeks.-" Gynecomastia and impo- 
tence occurred in half of the males with hypersecretory disor- 
ders taking prolonged, high-dose cimetidine therapy: gyneco- 
mania and impotence gradually resolved when ranitidine 
replaced cimctuisne.- 45 Rare reports with other H 2 RAs ••ingest 
that this effect is specific for cimetidine. 

Several mechanisms can potentially mediate the immune 
<iii<l hematopoietic effects of HjKAs: (!) idiosyncratic reac- 
tions uf the inu'Hine hypersensitivity type. -(2) idios) .icrai if 



reactions occurring by unknown mechanism. (3) effects medi- 
ated by blockade of pharmacologically typical H : receptors, 
or (4) pharmacologic effects independent of the H : receptor. 
H : receptors are present on suppressor T lymphocytes, and 
blockade of these receptors appears to enhance cell-mediated 
immunity. :46 2J7 Concern persists that occasionally H 3 RAs may- 
enhance transplant rejection and autoimmune or allergic dis- 
ease processes. Most studies have been done with cimetidine: 
some immunomodulatory effects may reflect a unique action 
of the imidazole ring of cimetidine rather than actions at H, 
receptors. Comparative data with other H 3 RAs are limited and 
conflicting.^" Other uncommon reactions may be mediated by 
immune mechanisms, including polymyositis and interstitial 
nephritis with cimetidine. 24 - 34 ' An immune-complex rash has 
been reported with ranitidine. Fever has been associated with 
both cimetidine and ranitidine. 3 * 1 * 

H : RAs have been implicated in rare, idiosyncratic, cases 
of myelosuppression. thrombocytopenia, neutropenia, anemia, 
and pancytopenia.-^ They have also been implicated in hemo- 
lytic anemia, although no antidrug antibodies or hemolysis on 
rechallenge was found. :j " Thrombocytopenia has also been 
linked to hypersensitivity to ranitidine. U1 In about 5% of 
patients undergoing bone marrow transplantation, ranitidine 
was implicated as the possible cause of myelosuppression. :v: 

CNS symptoms, including confusion, restlessness, somno- 
lence, agitation, headaches, and dizziness, have been reported 
with HjRAs. Hallucinations, focal twitching, seizures, unre- 
sponsiveness, and apnea have been implicated if therapy is 
continued. ,Ji J0 CNS side effects from any H : RAs are rare 
during outpatient therapy. Mental status changes have been 
reported particularly in elderly patients in an ICU with renal 
or hepatic dysfunction.--- 5 although the incidence of such 
symptoms with II.RAs varies greatly among studies. V/;- and 
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multiple system failure predispose 10 CNS symptoms in the 
j;. jcU setting, with this background preventing firm conclusions 
£■ re narding the risk of CNS side effects from H 3 RAs. 2 *' There. 
f have been limited rechallenges with the. FKRAs, which sup- 
t ports a causal effect. 2 - 12 However, proving exacerbation of 
"7CU-iiis** by a single drug would require large, randomized 
f controlled trials. 3- * 1 which have noi been performed. Cimeti- 
(' dine has been implicated as the most frequent cause of these 
t CN T S symptoms, but CNS side effects have also been reported 
' vvith ranitidine and famotidine. uz - 243 Ranitidine also has been 
reported to produce headaches, with positive rechaJlenge in a 
few cases. 243, Because of the inadequacy of the literature. 
v and the biases noted earlier, the relative impact of the different 
. H^RAs remains uncertain. Whether these, side effects occur 
.. less frequently with continuous intravenous dosage remains to 
be established. These CNS effects are reversible on discontin- 
uation of drug. 

Transient, small increases in liver enzyme levels, particu- 
larly those of scrum transaminases, can occur with H.RAs. 
especially with high intravenous doses, but these changes 
resolve during continued therapy. None of the four H 3 RAs 
are hepatotoxic ; but rare, idiosyncratic, or apparent immune 
hypersensitivity hepatitis, with rash, fever, or eosinophilia has 
been reported. 23 *- 25 1 Generally the acute hepatitis is rapidly 
reversible after withdrawal of the agent; rechaJlenge has been 
positive in a few cases. Because these events are rare and the 
causality uncertain, serial monitoring of liver chemistries is 
not justified. However, it is prudent to check hepatic enzyme, 
levels about 5 days into high-dose intravenous therapy. If 
hepatitis develops in a patient on H.RAs, the drug should be 
immediately discontinued. If continuation of H.RAs therapy 
is required, after resolution of the liver chemical abnormali- 
ties, one of the other HjRAs should be used and liver chemis- 
try carefully monitored. 

Cardiac effects, such as sinus bradycardia, hypotension, 
atrioventricular block, prolongation of the QT interval, and 
sinus and cardiac arrest have occurred with the rapid infusion 
of H 2 RAs, although oral therapy has been also incriminated 
in producing cardiac effects. 238 - 252 H 2 receptors are present in 
the heart, and H 2 RAs reduce heart rate and cardiac output 
during submaximaJ exercise or after sufficient oral doses (i.e.. 
nizatidine, 300 or 600 mg). 252 With the existence of cardiac 
H 2 receptors, caution is appropriate with these antagonists, 
although clinically significant effects on sinus rhythm or con- 
duction are rare. Possible risk factors for cardiac effects in- 
clude rapid IV infusion, high dose, conditions that would 
delay drug clearance (e.g.. renal or hepatic dysfunction), and 
underlying cardiac disease. 2 - 1 * 



Proton Pump Inhibitors 

Mechanism of Action. See Chapter 38. 

Formulation and Absorption. The PPls (omeprazole, lanso- 
prazole, and pamoprazole) are prodrugs that are acid labile 
and inactivated if permitted to dissolve in acidic gastric juice. 
Therefore, enteric-coated granules are used for the oral prepa- 
rations: these granules only dissolve when encountering a nil 
above 6. After a buffered suspe nsion, omeprazole is rapidly 
absorbed and peak plasma Je.\vi> ..n-. reached in 30 minutes: 
- half-life in the serum is 1 horn. : Absorption from the 

L 



enteric-coated granules is slower, with peak concentrations 
occurring I to 3 hours after dosing and the drug detectable in 
scrum for about 6 hours (Fig. 40-15.4 ).-■• The effectiveness 
of a PP1 when given by oral administration relates closely m 
the area under the plasma concentration-time curve (AUC). 
rather than to peak plasma drug levels (see Fig. 40-1 5B)r x " " 
The prolonged duration of PPI antisecretory action reflects 
irreversible inactivation of the parietal cell *H \K - -ATPase, 
rather than a prolonged serum half-life. Administering ome- 
prazole with food delays absorption but does not after the 
AUC. 2SK - J ' w In contrast: the bioavailability of lansoprazole in 
single-dose studies appears io be reduced by administration 
with food, but available data suggest that consequences for 
antisecretory efficacy are minimal. 2 ' 6 In general, the pharma- 
cokinetics for the three PPis are similar. " 

Hepatic Metabolism and Excretion. Omeprazole and lanso- 
i prazole are metabolized in the liver by the CYP3A4 and ; 
CYP2C members of the cytochrome P-450 (CYP) superfam- 1 
Uy. 2 * 25 **** The CYP2C isoforms involved in metabolizing 
the PPI include CYP2C18 or 19 (see later) and probably 
2CS. 357 - 25 *' 2M ' 2(i2 The metabolites are inactive and are excreted 
mostly in urine; PPJ clearance is nor altered in renal fail- 
ure. 25 256 Pantoprazoie is also metabolized by these two CYP 
families, although some metabolism occurs by phase [I 
conjugation reactions. 257 

PPI clearance is significantly delayed with impaired hepatic 
function (see Fig. 40~15Cj. :i:,:2 - s * In "elderly subjects the AUC 
varies, probably reflecting variation in clearance (see Fig. 
40-15C)."' 1 Similar observations have been reported with lan- 
soprazole. 2 ™ In light of the wide safety margin with these 
drugs and the apparent absence of accumulation, there are few 
reasons to adjust the dose. However, it is appropriate to 
decrease the PPI dose in the presence of hepatic failure. 

In a few percent of normal subjects, hepatic metabolism of 
omeprazole is delayed (see Fig. 40-1 5.4 with the AUC 
increased about 10«fold. 26? This abnormality probably reflects 
inherited variation in activity of the CYP2C19 isoform that 
also metabolizes S-mephenytoin. 26(i Drug accumulation does 
not occur in slow metabolizers with a daily dosing schedule 
because the drug is cleared in this period. However, acid- 
secreiory inhibition should be more prominent in slow metab- 
olizers; indirect evidence supporting this point is the finding 
of somewhat higher gastrin levels in slow metabolizers with 
7 days of PPI therapy, compared with normal subjects.*" This 
abnormality of CYP2C19 occurs in about 3% of whites, about 
5% of blacks, and about 15% of Asians. 2K) Lansoprazole 
appears to be metabolized by the distinct CYP2C18 isoform. 2 * 
Although considerable variation in the AUC for lansoprazole 
occurs among individuals,^ 6 ? ^ the existence of distinct ''slow 
metabolizers'' is uncertain.-* 

Adverse Effects. Omeprazole and lansoprazole have very few 
side effects. 2 *' 26 ' although clinical experience wiih omepra- 
zole is much more extensive than lansoprazole (see Table 
40-5). Their excellent safety profile may reflect the fact that 
the PPI prodmgs are selectively activated in the acidic com- 
partment of the parietal cell. However, caution is appropriate 
regarding rare or delayed untoward effects, especially with 
newer agents. The largely ; heretical consequences relating to 
prolonged acid inhibition, hypergasuinemiri, and hyperplasia 
of eni :. .»chromaffin-like (ECL) cells arc cum kiered elsewhere 
(see Chapier 38). Leydig cell tumors have been reported in 
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Figure 40-15. Omeprazole, pharmacokinetics and pharmacodynamics. A. The plasma concentration curve for 
rapid and slow metaboiizers is shown as a 'function of time after a 20-mc dose of omeprazole. (Data from 
Andersson, T.. Cederberg. C. ; Erivardsson, G.. et a!. Effect of omeprazole treatment on diazepam plasma 
levels: in slow versus normal rapid metabolizers of omeprazole. Clin. Pharmacol. Thcr. <?7;79, 1 990.) B. The 
inhibition of acid secreiion by omeprazole is shown as a function of the area under the plasma concentration 
curve (AUC). (Data from Lind. T. t Cederberc C, Ekenved. C. fit al. Effect of omeprazole— a gastric proton 
pump inhibitor — on pentajrasirin stimulated acid secreiion in man. Gui 24:210. !98.\) C. The AUC after 
omeprazole administration is illustrated for control and elderly subjects and patients with renal and liver 
failure. (Data from Cederberg. C. Andersson, T.. and Skaanber*. I. Omeprazole: Pharmacokinetics and 
metabolism in man. Scand. J. Gastroenterol, J^lSuppl I66j:33, 1989.) D. Time course for gastric pH after 
intravenous administration of 40 or 80 my of omeprazole to fasting subjects. (Data from Baak. L. C, Jensen. 
J. B. M. J., and Lamers. C. B. H. W. Effect of intravenous omeprazole on intragastric pH during intravenous 
infusion of amino acids. Dig. Dis. Sci. 5.5:596. 1 990. J 



rats treated with lansoprazole: the mechanism appears to be 
suppression of testosterone synthesis by a lansoprazole metab- 
olite. 36 * Luteinizing hormone <'LH) secretion is enhanced ow- 
ing to decreased testosterone feedback, and both the LH 
increase and. tumor formation are suppressed by testosterone 
replacement therapy. 3 '* Apparently, there is considerable spe- 
cies variability in the formation of the metabolites that inhibits 
testosterone synthesis: in humans, this metabolite has not been 
detected and no effects on testosterone synthesis or LH release 
have been reported. However, long-term monitoring of a 
larger group of subjects is needed before relevance to human 
use can be firmly excluded. One concern is that cotherapy 
with other drugs that interact with cytochrome P450 may 
influence PPJ metabolism or drug interactions. 

Clinical Inhibition of Arid Secretion. The do*e and time 
rinviulency of inhibition <>\ acid m:. iviion by PPIs have 
sv.ci::! features of clinical relevance: 

I. A time lag of an.»iM 4 days occurs before peak antisecre- 
tory effectiveness is achieved :">r P PI , probably re- 



flecting progressive inhibition of the H .K'-ATPase 
and possibly increases in drug bioavailability. This lag 
period is inversely related to dose. Although less data 
arc available, the pattern appears similar with the other 
PPIs. lansoprazole and pantoprazole. 
2. Variability in antisecretory- effectiveness is evident for 
PPIs. probably due to variability in absorption and clear- 
ance as reflected in the AUC. After 7 days of therapy 
on the 10-mg omeprazole dose, a few subjects have 
minimal inhibition whereas others have more than 909b 
inhibition.-'" Al 20 mg. inhibition is less variable (see 
Figs. 40-I5D and 40-16). with mean inhibition of acid- 
ity (H* concentration) about 90% P l At 40 mg. marked 
inhibition of acid secretion is observed in the large 
majority of subjects ('see Fig. 40-16). In Zollinger- 
Elli.von syndrome, administering omeprazole in twice- 
daily losing increases antisecretory el!-..- :ivencss*'" 
The same is probably also true in other id-peptic 
conditions, although dam are surprisingly limited. .Simi- 
lar conclusions probably hold for i tie 1 5-. MJ-, and 60- 
mg doses of lansoprazole. 2 "- :nl although S^s data are 
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figure 40-16. Dose response for omeprazole inhibition of nocturnal acid 
secretion. Acid secretion was determined durini' four ni«hi-nmt sessions for 
seven patients with tinodc nul ulcer: single closes were yiven ai 8 a.m of 
placebo or omeprazole at 20, 40. or SO mg. Acid secretion was then deter- 
mined between 9 p.m. and 6 a.m.. wiih the data expressed as u percentage of 
control secretion. (Dam from Shearman. D. J. C Buckle. P. J., and Heuel. 
D. J. The inhibition of nocturnal gastric acid secretion by omeprazole in 
patient. 1 ? with duodenal nicer. Scand. J. Gastroenterol. 2/fSuppI IIS]- 1^ 
1986.) 



available, panicularly 10 assess the. consistency of re- 
sponsiveness among individual subjects. « 
3. PPis effectively inhibit only stimulated parietal cells. 
Because PPIs: must be concentrated and activated in the 
acidic compartments of the parietal cell, they will only 
inactivate the H~.K -ATPase present in actively secre- 
ting membrane compartments. PPI effectiveness there- 
fore depends on the degree of activation of acid secre- 
tion at the time of drug administration. Omeprazole 
action was markedly compromised in docs if adminis- 
tered while secretion was inhibited by HJlAs.** Al- 
though data in humans arc limited. PPI efficacy is likely 
to van* considerably, depending on whether the patient 
is fasting, has taken an H : RA. or has secretion activated 
by food, gastrin, or vagal pathways during the time the 
prodrug is circulating. PPIs will be most effective when 
taken with or shortly before meals; effectiveness is 
likely to be significantly compromised if taken during a 
prolonged fasting period. 

4. Rapid control of acid secret ion can be achieved using 
higher doses of a PPL or more frequent administration 

* i i.e.. three or four doses of 20 nig of omeprazole in the 
rirst 24 hours). Continuing H : R.As during a transition 
period to u PPI will be counterproductive. Combination 
therapy with H ? RAs is never appropriaie: if greater 
antisecretory efficacy is required, the PPI should be 
administered in higher, divided doses. 

5. Administration of PPI via nasogastric tube, although 
not an approved route, is iikely to he effective. The 
bioavailability of omeprazole or lansoprazole when ad- 
ministered via nasogastric tube is comparable to oral 
dosing.- 3 ** 3ftV - Capsules need to be opened and the cn- 
lerie-coared granules administered via tin: tube, with 
extra \:>lumc ami Hushing used to avoid clumping. A 
solution of low pi J i'riiric juice or cola) may be advis- 
able to reduce premaUuv dissolution of the granules. 



The granules should not be crushed. Efficacy of PPI 
may be compromised by delayed gastric emptying of 
solids to the extent the emptying of granules is delayed. 

Bolus intravenous administration to fasting subjects pro- 
duced a lesser degree and shorter duration of acid inhibition, 
compared to when acid secretion is stimulated. In Gastrinoma 
patients undergoing surgery, intravenous omeprazole in dosev 
of. 60 ma every 12 hours effectively controlled acid secre- 
tion. 3 " 1 Therefore, the critical factor is the degree of activation 
of the parietal cell. In unstimulated or inhibited parietal cells, 
the acidic compartment is collapsed and unable to trap and 
activate the PPI. Therefore, the majority of pumps remain 
unblocked, and the duration of inhibition will be short.. 

In an JCU setting with fasting patients, intravenous omepra- 
zole is most effective when given by continuous infusion. An 
initial dose of 8 to 10 mg/hr is necessary to induce maxima) 
inhibition of acid secretion. :7t Over a 3-day period, antisecre- 
tory control can be. maintained with a reduced omeprazole 
dose, whereas increasing doses of H.RAs are required." 1 
Intravenous use of PPIs is not an FDA-approved route of 
administration. However, in patients without gastric retention, 
a nasogastric route of administration appears a reasonable 
alternative, although very Limited data are available to guide 
management. :7,n The dose necessary to achieve secretoryam- 
trol has not been established: doses in the range of 20 ins 
even- 6 hours may be necessary in fasting patients. Monitoring 
gastric pH will provide the best gauge of therapy. 



Antacids 

Antacids containing aluminum and magnesium hydroxide ef- 
fectively heal ulcers. However, the obvious conclusion that 
antacids heal ulcers solely by neutralizing gastric acid may not 
be correct, in part because the administered antacid buffering 
capacity poorly predicts ulcer healing. Furthermore, in animal 
models, antacids protect gastric mucosa against acute, chemi- 
cal injury in a fashion independent of buffering acid. Hypothe- 
sized mechanisms for these acid-independent actions of antac- 
ids overlap with those proposed for sucralfate.- Ki Aluminum 
complexes may be the shared property: aluminum hydroxide 
binds growth factors, enhances EGF binding to experimental 
ulcers, possibly serving to deliver growth factors to injured 
mucosa, and may have other cytoproteciive actions.- SJ Antac- 
ids promote angiogenesis in injured mucosa.- 7 - They also bind 
bile acids and inhibit pepsin activity. 273 Heavy metals are well 
known to suppress— but generally not eradicate— H. pylori. It 
is unclear which, if any. of these actions facilitate peptic 
ulcer healing. 

Adverse Effects of Antacids. Antacid side tfftas reflect the 
quantity consumed and the duration of therapy usee Table 
40-5). Magnesium-containing antacids cause diarrhea and 
hypermagnesemia, the latter only being a significant problem 
in the presence of renal insufficiency. Antacids may also 
contain considerable sodium, and sodium overload can occur 
in susceptible patients. Ingestion of large amounts of calcium 
and absorbable alkali, particularly calcium carbonate, can lead 
to hypercalcemia, alkalosis, and renal impairment — the so- 
called milk-alkali syndrome. :u Calcium-containing antacids 
al.su stimulate acid and gastrin secretion.- 75 thereby inducing 
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"acid rebound."-'"' Aluminum absorption and effects on min- 
eral metabolism are- discussed subsequently. 



Sucralfate 

Sucralfate (Caral'ate.) is a sulfated polysaccharide, sucrose 
octasulfate. compJexed with aluminum hydroxide, ii prevents 
acuie. chemically induced mucosal damage and heals chronic 
ulcers without altering gastric acid or pepsin secretion or 
significantly buffering acid. ? Parallel with aluminum-con- 
taining antacids, sucralfate also stimulates angiogenesis and 
formation of granulation tissues possibly due to growth factor 
binding. Sucralfate also binds to the injured tissue, thereby 
possibly delivering growth factors and reducing access of 
pepsin and acid. Although aluminum hydroxide mediates 
some actions, the sucrose octasulfate moiety may also play a 
role by contributing sulfhydry) groups to reduce oxidant dam- 
age to epithelial cells. The binding of this agent to the ulcer 
base is enhanced at a pH below 3.5. leading to the recommen- 
dation that the drug, be administered 30 10 60 minutes before 
meals. Sucralfate has been found to suppress H. pylori and 
inhibit acid secretion in H. pyktri-Mccizd DU subjects. 46 No 
data are available to test the relevance of this action by 
comparing ulcer healing in H. />v/<> /-/-positive versus H. py- 
ton'-negative DU. 

Adverse Effects of Sucralfate. Sucralfate has minimal unto- 
ward effects. 1 ^ It can bind other drugs (see Table 40-5) 
if taken simultaneously, although the clinical consequences 
are minor. 



Aluminum and Mineral Metabolism with 
Sucralfate and Antacids 

Significant absorption of aluminum occurs from several ant- 
acid formulations." 7 Daily consumption for 4 weeks of doses 
as low as 120 mmol of antacid tablets increases serum and 
urinary aluminum levels. :7h A therapeutic dose of sucralfate 
contains about 0.8 g of aluminum, and the aluminum absorp- 
tion is comparable lo that seen with antacids. 2?v Aluminum is 
readily excreted by normal kidneys; urinary levels are elevated 
for 1 to 3 weeks after discontinuing therapy, 2 *' 1 - 282 and the 
body burden of aluminum appears to be eliminated within a 
few weeks after discontinuing therapy. However, significant 
retention occurs with renal failures 40 neurotoxicity and brain 
deposition of aluminum can develop with antacids 38 -' or sucral- 
fate. ,KV - 2Ki Even in subjects with normal renal function, simul- 
taneous consumption of citric acid enhances absorption of 
aluminum by 50-fold, resulting in considerable elevations in 
serum aluminum concentration. zn - 2W It is likely that citric 
acid produces similar enhancement of aluminum absorption 
from sucralfate. To avoid enhanced aluminum absorption es- 
pecially in the setting of renal failure, it is advisable to avoid 
combining antacids or probably sucralfate with foods or other 
agents that coiM.-iin citric acid. 

The extern and com.it ;t;rmce.s of aluminum deposition in 
tissues with sustained use t-f either class of agents have 
noi km defined, but the possibility of significant aluminum 
retention ;n the presence of normal renal functus is remote. 
Although aluminum dep. Kits have been reported in brain 



tissue in Alzheimer's disease, evidence points against siiiiiij;. 
cant aluminum deposition in brain or a role- for this metal in 
pathogenesis. 2 ^ -2 * 7 However, more rigorous investigation of 
tissue aluminum is required in humans before firm conclusions 
can be reached. 

Aluminum hydroxide blocks intestinal absorption of phtm. 
phaie: in two weeks of therapy with moderate doses, signifi- 
cant hypophosphatemia can develop, especially if the patient 
is on a low phosphate, diet or is phosphate depleted for other 
reasons. 2KS Sucralfate also binds phosphate, leading; to similar 
theoretical consequences; and combining sucralfate and am ac- 
ids can potentially amplify these effects.- 82 With prolonged 
phosphate depletion, mineral metabolism is disrupted, urinary 
and fecal excretion of calcium are increased, and osteoporosis, 
osteomalacia, and pathologic bone fractures can develop.-"- 2KV 



Bismuth 

Several forms of bismuth have been used, including colloidal 
bismuth subcitrate (CBS), also known as tri -potassium di- 
citrato bismuthate (DeNoli, and bismuth subsalicylate (BSS. 
Pepto-Bismol). Neither is approved for peptic ulcer therapy 
in the United States. BSS is a insoluble complex, with 30 ml 
containing 258 mg of salicylate and 303 mg of bismuth. 2 *' At 
a pH less than 3.5. hydrochloric acid reacts with BSS. forming 
bismuth oxychloride and liberating salicylate, which is readily 
absorbed. CBS is a complex bismuth salt that also forms 
bismuth oxychloride as the complex dissolves in hydrochloric 
acid. An elevated gastric pH may interfere with solubilization 
of bismuth compounds in the stomach. In the colon, bismuth 
salts reacts with hydrogen sulfide to form bismuth sulfide, 
which blackens the stools. :w> Presumably the free bismuth is 
responsible for the biologic actions. Ranitidine bismuth citrate 
(RBC) has been approved for treatment of H. pytori-positive 
peptic ulcer; RBC shares the properties of other bismuth 
salts in enhancing antibiotic cure of H. pylori infection, and 
ranitidine inhibits acid secretion. 291 

The venerable status of bismuth as therapy for dyspepsia 
has been adorned with numerous hypotheses regarding mecha- 
nisms for ulcer healing. Bismuth does not inhibit or neutralize 
gastric acid, although effects on acid secretion in DU should 
be examined in light of findings with sucralfate. 40 Pepsin 
activity but not pepsin secretion is inhibited by CBS. 2 - 2 Bis- 
muth from CBS may also bind to ulcer craters. 29 - 2y4 Macro- 
phages, recruited to the edge of the ulcer crater in CBS- 
treated rats,-'"* may promote healing. CBS has been reported 
to increase mucosal prostaglandin production and mucus and 
bicarbonate secretion. The subsalicylate salt has received ioo 
little study to determine its antiulcer properties. 290 :9? Although 
salicylate is absorbed, this nonacetylated form lacks the dam- 
aging effects of acetylated salicylate (aspirin). Heavy metals 
frequently exhibit antimicrobial activity, and the most dra- 
matic action of bismuth, including BSS. CBS, and RBC. is 
the suppression of H. pylori 2 "' (see Chapter 39). Preliminary 
studies indicate lhat bismuth is not effective in H. pylori- 
negative ulcers, suggesting the ho.iling efficacy of bismuiu 
reflects H. pylori suppression. 

Adverse Effects of Bismuth, The primary concern with bis- 
muth compounds is !.-ismuth absorption resulting in bis*: ,! t 
intoxication, which was .i clinical problem particularly wi:«-«« 



t 



bismuth _ Kubgallaie was used for prolonged periods at hi»h 
dose. Bismuth absorption varies wjih the specific form of 
bismuth; absorption is much greater with CBS than with BSS 
or bismuth subnitrate.— Furthermore, co-administration of 
H ; RAs increases bismuth absorption from CBS but apparently 
not from BSS or bismuth subnitrate At the end of 6 week's 
of therapeutic doses of CBS. serum bismuth concentration; 
are elevated,"' An occasional patient will have serum bismuth 
levels approaching the pretoxic ranee of 50 n«/mL- : " and 
following a single dose of CBS. peak plasma concentrations 
of 100 ng/mL were reached in 9 of 16 subjects.- 1 - However 
significant clinical toxicity has not been reported in clinical 
trials with CBS or BSS,- - A body burden of bismuth doe 
accumulate, and ur.ne bismuth levels are somewhat eleva.ed 
for up to* months after termination of an ulcer treatment 
regimen.*'- Because renal failure interferes with bismuth ex- 
cretion, bismuth should be avoided or serum bismuth levels 
monitored when treating patients with renal failure. 14 " 
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Prostaglandins 

Prostaglandins panicularly of the E and I group, inhibit acid 
secretion by selectively reducing the ability of the parietaJ ce I 
o generate, cyclic adenosine monophosphate in response to 
histamine (see Chapter 38). Prostaglandin receptors act bv 
means of an inhibitory guanosine triphosphate bindme protein 
of adenylate cyclase to produce this effect."" Prostaglandins 
also enhance mucosal defense mechanisms. When these two 
actions were recognized, enthusiasm was eenerated over the 
therapeutic prospects for common peptic ulcers, a promise 
ha. did not materialize. Naturally occurring prostaglandins 
are unstable, being metabolized primarily by hydroxvlation at 
the la position on the eight-carbon side chain. Therefore 
analogues were synthesized with modified structure on this 
side chain to provide resistance to degradation. 

Several prostanoids have been tested for peptic ulcer heal 
ing; only misoprostol (Cytotec) has been approved for use 
in the. United States for prevention of NSAlD-induced GU 
Misoprostol is a 15-deoxy-!5-hydroxy-l6-methvl analo* of 
prostaglandin E,: it shares the properties of o'dier E tvpe 
prostaglandins, displaying moderate inhibition of basal and 
food-stimulated acid secretion in humans .» Topical action 
appears critical in prostaglandin action; oral administration 
gives greater antisecretory efficacy and fewer side effects than 
systemic administration.' 03 ' 

Adverse Effects of Misoprostol. The most frequent side 
effects of the E type prostanoids are crampv abdominal pain 
and diarrhea, which are dose-dependent effects * KW Diarrh-a 
occunred in 3% ro 39% of patients taking a 2 00-a« dose of 
misoprostol four times a day. with the ranee reflecting trial 
design and the definition of diarrhea. 1 "-' ™ Diarrhea i^often 
mild and transient and may respond to a temporary reduction 
im dose. In clinical trials, usually less than 5% of subjecis 
drop out because of diarrhea. However, in clinical practice 
these side effects interfere with compliance in manv patients 
Thr linrrhea is less with 200 ,. t g twice daily, and initiating 
therap) with this lower do.se can be helpful 

Pros.agiandins of the R group are generally uterotropic- 
..sopros.ol, 400 ng, was given to 35 pregnant women the 
agin before, they were io undergo elec.iv.- abortion, and this 



Drug Interactions with Antiulcer Drugs 

antacids and sucralfate decrease absorption of a number of 
drugs fsce Table 40-5).— 1, is besl l0 adme ' ™ * 
consumption of antacids and other drugs bv at hour B mum 
may have the same effect, but data are limited - Ant ecre 

slenp t*? in,raiuminai pH - «» 

of 2S ho ? 6 6 fCCt °i amisetre, °0< ^ents on absorption 
of food-bound v.tamin B !: can he quite dramatic- »« The 

till antT" *° hC media,ed b > lhe il,Crease i« PH ano 
n rinst ft: ^ ™ . pepuc activity, rather than inhibition of 
can S h SeCret,on " Tl * abs «^io" of iron and calcium 
minimaf C ° mpr0miSed ' althou ? h «*ni«l consequences arc 

decked u°hh 0f o S0me dru ^r iicu1 ^' weak bases, will be 
oend I o fZ S T l ^ neutla,,2ati0 "- ^e consequences de- 
pend on the specific drug and its preparation for examnl* 
decreased dissolution of ketoconazole.a weak 

creased^ !T- '""^ P resu ™ b 'v because de- 

S2£5 a S T aCldlIV ' nCreases free bisi ™h concern™- ' 
uons,' Acid-secretory inhibition can decrease the absomt on 

weaTtses F fr0m ^ ^ ^ ' m a bsoS of 
m^L ° r - eXaraple ' Secretor - v inhibii <« will reduce 

uptake into gastnc mucosa of weak acid NS aIDs such as 
aspmn. and decrease superficial damage. However "astrS 

ionTd 0n sJ:, USUa,1 Vr m0deS, CX>mpared With intest »> a ' *Z 
uon. and systemic effects override this sparing of gasu ic mu 

Drug Interactions by Means of Cytochrome P450. Cimeti- 
dane omeprazole, and. to a lesser extent, ranitidine inhS , 
members of the cytochrome P-450 superfamilv of mixed fonc 
llv X1 M"- ? ereby imerferin ? with «nain compounds me- 

Cwlllj ^ *** ' «*- '^tabolism bv 

C . P-dependent monooxygenase enzymes). Lansoprazole and 
P""I? P ','f 20ie u are J also metabolized by cytochrome P-450 
~f nr \,\ I r ? £ ,nteractions m "s> be carefully evaluated 
P 450 I n am " y membC1 ' SeVeial fcatures of ^'^hrome 
dVugs - - imp0nam Wi ' h ,CSpec ' t0 ,he anii «'cer 

1. Effects are dose and time dependent. Generally 3 l0 5 
days are needed to reach maximal inhibition'of dru» 
metabolism, alrhough effects can be delayed 

2. Interactions are highly variable amonc individuals espe- 
cially among elderly subjects. Importantly, data obtained 
from m vitro studies or the mean of data obtained 
studying a small sample of healthy subjects may not 
predict i.ie magnitude of drug inicracdon in a "iven 
patient with multisystem disease beins treated wiiir«cv- 
eral medications. Tliree-way drug interactions can pr 0 
duce unexpected results. 

3. The CYP superfamily is composed ..f ihree major fami- 



FIFTH EDITION 

Gastrointestinal 
—Disease 

Pathophysiology/Diagnosis/Management 

VOLUME 1 



W.B. SAUNDERS COMPANY 

A Diviiitm «/ Harmurl Brad & Company 

Philadelphia, London, Toronto, Montreal, Sydney, Tokyo 



Editors: 



MARVIN H. SLEISENGER, M.D. 

Distinguished Physician 
Department of Veterans Affairs 
San Francisco VA Medical Center; 
Professor of Medicine 
University of California, San Francisco 
San Francisco, California 



JOHN S. FORDTRAN, M.D. 

Chief, Department of Internal Medicine 
Baylor University Medical Center 
Dallas, Texas 



With a Foreword by Thomas P. Almy, M.D. 



Associate Editors: 

BRUCE F. SCHARSCHMIDT, M.D. 

Professor of Medicine 
Director, Division of Gastroenterology 
University of California, San Francisco 
San Francisco, California 



MARK FELDMAN, M.D. 

Southland Professor and Vice Chairman 
Department of Internal Medicine 
The University of Texas 
Southwestern Medical Center at Dallas; 
Chief, Medical Service 

Dallas Department of Veterans Affairs Medical Center 
Dallas, Texas 



Color Section Editor: 



JOHN P. CELLO, M.D. 

Professor of Medicine 

University of California, San Francisco 

Chief of Gastroenterology 

San Francisco General Hospital 

San Francisco, California 



Chapter 30 



GASTRIC, DUODENAL, AND 
STRESS ULCER 



ANDREW H. SOLL 



NORMAL ACID SECRETION 
AND MUCOSAL DEFENSE, 
560 

Regulation of Acid 

Secretion 
Multiple Mechanisms 

Protecting Normal 

Mucosa 

ETIOLOGIES AND 
PATHOPHYSIOLOGIES OF 
PEPTIC ULCER, 581 

Association of Peptic 
Ulcer with Gastritis 

Association of Peptic 
Ulcer with Helicobacter 
pylori 

Abnormalities of Acid and 
* Pepsin Secretion in 

Duodenal Ulcer 
Abnormalities of Mucosal 

Defense and Healing in 

Peptic Ulcer 

OTHER SPECIFIC FORMS 
OF PEPTIC ULCER, 596 



Peptic Ulcer and 
Nonsteriodal Anti- 
inflammatory Drugs 

Uncommon Forms of 
Peptic Ulcer 

Childhood Peptic Ulcer 

Potential Risk Factors 
and Associations 

PSYCHOLOGIC FACTORS 
IN PEPTIC DISEASE, 603 

Psychologic Conflict and 
Personality Type 

Role of Physical and 
Psychologic Stress 

Mechanisms Potentially 
Linking Psychologic 
Factors to Ulcers 

GENETICS OF PEPTIC 
ULCER DISEASE, 605 

Familial Aggregation of 

Peptic Ulcer 
"Genetic" Markers in 

Peptic Ulcer 
Familial Clustering: 

Genetic or 

Environmental? 



EPIDEMIOLOGY OF PEPTIC 
ULCER, 606 

Estimates of Ulcer 
Prevalence and 



Trends in Ulcer 

Occurrence 
Regional and Societal 

Variables 
Diseases Associated with 

Peptic Ulcer 

CLINICAL ASPECTS, 610 
Symptoms 

Physical Examination and 
Laboratory Studies 

Upper Gl Radiography 
and Endoscopy 

Differential Diagnosis 

Atypical Ulcers 

Natural History 

MEDICAL TREATMENT, 
620 

Data Base for Therapeutic 
Decisions 



Factors influencing Ulcer 

Healing 
Antiulcer Pharmacology 
Healing Duodenal Ulcers 
Healing Gastric Ulcers 
Refractory Ulcers 
Ulcer Recurrence 
Impact of Therapy on 

Complications 
Helicobacter pylori and 

Ulcer Therapy 
Recommendations 

Regarding Therapy 
NSAID-lnduced Ulcers 
Consequences of 

Hypochlorhydria 

STRESS ULCERS, 652 

The Spectrum of Stress- 
Related Mucosal Injury 
Pathogenesis 
Clinical Approach 
Treatment 
Prevention 



Peptic ulcers are defects in the gastrointestinal (GI) 
mucosa extending through the muscularis mucosae that 
persist as a function of the acid/peptic activity in gastric 
juice. In two prior editions, treatment of this topic was 
based on the assumption that duodenal ulcer (DU) re- 
flected a heterogeneous set of disorders, each resulting in 
a hole in the mucosa. In light of present data, it appears 
that there are two common forms of peptic ulcer: ulcers 
associated with the organism Helicobacter pylori and 
ulcers associated with consumption of nonsteroidal anti- 
inflammatory drugs (NSAIDs), including aspirin. The 
challenge is to establish the causal nature of these asso- 
ciations, to elucidate the underlying pathophysiologic 
mechanisms and therapeutic implications, and to define 
the subsets of peptic ulcer that occur by other mecha- 
nisms. The chapters on DU and gastric ulcer (GU) have 
been merged; although these entities share many common 
features and therapies, they remain distinct in several 
respects. Following the same rationale. NSAID-induced 
ulcers and stress ulcer have also been included. 



NORMAL ACID SECRETION AND 
MUCOSAL DEFENSE 

Regulation of Acid Secretion 

The regulation of acid secretion (see Ch. 27) reflects 
an intricate balance of input from neural, endocrine. 



paracrine, and autocrine pathways and involves both 
stimulatory and inhibitory mechanisms. Acetylcholine is 
the primary mediator for the neural pathway; however, 
mucosal nerves also contain multiple other transmitters 
that may be of physiologic importance. Gastrin is the 
primary endocrine transmitter. The paracrine pathway is 
the most difficult to study, since these transmitters are 
released locally and act locally. For example, it was only 
with the development of the histamine H : receptor antag- 
onists that the importance of the paracrine role of hista- 
mine became clear. Several paracrine inhibitors are pre- 
sent in the mucosa, with somatostatin being the most 
likely candidate to play an important physiologic role. 
Lastly, three autocrine inhibitors are also generated in 
the oxyntic (acid-secreting) mucosa: adenosine, prosta- 
glandins, and transforming growth factor a; their role in 
the normal physiology of acid secretion remains to be 
defined. These regulatory pathways impinge not only on 
the parietal cell but also on the histamine enterochro- 
maffin-like (ECL) cell and on the somatostatin cell to 
control the release of histamine and somatostatin, respec- 
tively. 1 

An obvious emerging theme is that the control mech- 
anisms regulating acid secretion entail redundant, over- 
lapping circuits. Although these multiple mechanisms 
not all be physiologically important, this redundancy 
probably exists to provide multiple circuits for more 
precise control and/or to provide backup systems so that 
control is not lost if one system fails. Although the details 
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rences are influenced by prior ulcer treatment (see Duo- 
denal Ulcer Recurrence: Does the Initial Therapy Mat- 
ter?). Whether the specific patient population or ulcer 
location (DU versus distal or proximal GU) influences 
the putative fading of ulcer disease over time remains 
unclear. Although ulcer disease may fade in a fortunate 
subset of patients, others continue to experience symp- 
toms, ulcers, and complications over a prolonged period; 
therapeutic choices would be influenced by the ability to 
predict the natural history for a given patient. 



MEDICAL TREATMENT 

The Data Base for Therapeutic Decisions 

Double-blind, randomized clinical trials, utilizing en- 
doscopy to document the status of an ulcer crater during 
therapy, provide a data base for rational decisions re- 
garding management of peptic ulcer. These trials are not 
perfect tools and caution is necessary extrapolating this 
knowledge to clinical practice. 5 " These trials have been 
performed on selected patient populations and data gen- 
erally collected at referral centers; therefore, these pa- 
tients will not necessarily be typical of community practice 
experience. One variable is the length of time it takes for 
patients to seek medical care and to be referred to and 
arrive at the center conducting the trial; some ulcers 
spontaneously heal in two to four weeks and those per- 
sisting long enough for the patients to arrive at tertiary 
centers are a more refractory variety of ulcer. 

What is Healed? Since symptoms often provide mis- 
leading information about ulcer status, endoscopy has 
become the gold standard of ulcer healing. However, 
assessing healing is somewhat subjective and classifying 
erosions or duodenitis is problematic. With the focus of 
endoscopy on the status of the crater, clinical aspects 
receive less attention. The goals of therapy in clinical 
practice are not only to heal ulcer craters but also to 
relieve symptoms, prevent complications, minimize ulcer 
recurrences, reduce untoward consequences of diagnosis 
and therapy, and minimize the costs of medical care and 
the time lost from work. The benefit to the unselected 
patient of ensuring that all DUs have healed and remain 
healed is controversial. However, ulcer healing per se 
may be an appropriate goal for GU patients, at least until 
carcinoma has been confidently excluded. 



Factors Influencing Ulcer Healing 

Placebo and Therapeutic Responses. As with 
most aspects of medicine, the natural history of the 
disease process often has a greater impact on outcome 
than the therapy prescribed. The natural history of peptic 
ulcers varies from rapid spontaneous healing to refractory 
ulceration persisting for months despite full-dose antise- 
cretory therapy. The outcome of trials and the conclusions 
regarding the apparent potential benefit of a drug will be 
influenced by the proportion of slow-healing and fast- 
healing ulcers, as reflected in the placebo healing rates. 



DU healing on placebo therapy varies from 24 to 75 pe r 
cent (see Fig. 30-19). A highly significant negative cor- 
relation is evident between placebo healing rates and tt 
incremental improvement in healing produced by active 
drug (see Fig. 30-39). Establishing efficacy may be diffj. 
cult when placebo healing rates are high, as they were in 
the early cimetidine studies from the United States. 554 

Several variables influence ulcer healing; these factors 
such as NSA1D use or cigarette smoking, usually have a 
much greater relative impact on spontaneous or placebo 
healing than healing in response to an active drug. 555 The 
impact of other factors is quite variable between studies, 
reflecting patient selection, sample size, and the proba- 
bility that several variables are operating simultaneously. 

Placebo therapy produces surprisingly high healing 
rates that are often credited to extrinsic factors rather 
than the placebo itself. However, placebos can alter pain 
perception and may alter ulcer healing compared with no 
therapy. 556 The mechanism by which placebos relieve pain 
is not clear. Placebo administration does not alter meal- 
stimulated acid output. 557 Most studies have allowed sup- 
plemental antacids as needed for pain, but low-dose 
antacid consumption hastens ulcer healing and probably 
increases apparent "placebo" healing rates. 

Smoking. Smoking is a risk factor for ulcers and their 
complications (see Potential Risk Factors and Associa- 
tions). In addition, clinical trials provide strong evidence 
that smoking impairs ulcer healing and promotes recur- 
rences. Batterman and Ehrenfeld in 1949 55K recognized 
that nonsmokers and ex-smokers responded better than 
active smokers to antacid therapy, thereby highlightir 
the deleterious, but reversible, effects of smoking on thi 
natural history of ulcer disease. Impaired healing of both 
GU and DU 305 462 555 559 ~ 562 and enhanced ulcer 
recurrence 262 555 563 564 in smokers compared with non- 
smokers have been found in numerous controlled trials, 
with rare exception. 565 The differences between smokers 
and nonsmokers are most dramatic in placebo-treated 
groups (see Fig. 30-225). Active therapy with most drugs 
(H 2 blockers, prostaglandins, antacids, sucralfate, colloi- 
dal bismuth, and so on) generally reduces — but does not ■ 
always eliminate— the deleterious effects of smoking. 
Inhibiting nocturnal secretion may be particularly impor- < 
tant in smokers as opposed to nonsmokers. 566 Lam argues ; 
that misoprostol 562 and sucralfate 567 more effectively re- 
verse the deleterious effects of smoking on healing than ; 
do antisecretory agents. However, the advantages for one \ 
specific modality remain controversial. Underlining the J 
impact of cigarettes, nonsmoking was a more important -j 
predictive factor in ulcer healing 555 and ulcer recurrence 308 ) 
than was treatment with H, blockers. Importantly, the 
ulcer risk with smoking correlates with the quantity of 
cigarettes smoked; the risk is modest with fewer than 10 A 
cigarettes smoked daily, whereas in those who smoke •< 
more than 30 cigarettes daily, healing is markedly to" ;j 
paired and recurrences in 3 months can reach 100 p er | 
cent. 262 - 569 | 

NSAIDs. Since NSAIDs cause virgin ulcers and exac- <g 
erbate an ulcer diathesis (see Peptic Ulcer and Nonst' 
roidal Anti-inflammatory Drugs), it is not surprising tnt 
NSAIDs also delay ulcer healing. NSAID consump" 0 ^|l 
may be occult, 570 57Ua prompting caution regarding Ufl 5S3 
ative" drug histories. Ulcers developing during NSAWSj 
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use generally heal readily on any active antiulcer therapy 
if NSAIDs are discontinued. Although spontaneous heal- 
ing and healing on various therapies do occur even with 
continued NSAID use, 225 566 the efficacy of moderate 
antisecretory therapy does appear compromised in this 
setting (see NSAID-Induced Ulcers; Treatment and 
Prevention). 259 - 260 

Acid Secretion. The extent to which pretreatment 
levels of acid secretion predict ulcer healing or recur- 
rences remains controversial. Acid hypersecretion has 
been proposed as a factor impairing healing or promoting 
recurrences, 566, 569 * 571 although others dispute this associ- 
ation. Increased serum pepsinogen I has also been cor- 
related with enhanced recurrence rates, 148 - 571 although 
whether this reflects increased secretory mass, //. pylori 
infection, degree of inflammation, or some other variable 
is unclear. 

In gastrinoma, clear goals can be established for the 
inhibition of acid secretion. However, in ordinary peptic 
ulcer drawing correlations between the magnitude of 
inhibition of acid output and ulcer healing or recurrence 
on maintenance therapy has been problematic. 572 Meta- 
analysis was needed to demonstrate that the magnitude 
of inhibition of acid secretion predicts duodenal and — to 
a much lesser extent— gastric ulcer healing (see Ulcer 
Healing Correlates With the Degree and Duration of 
Inhibition of Acidity). Variability among individuals may 
reflect important heterogeneity in pathogenic mechanisms 
and drug responses; residual acid secretion during antise- 
cretory therapy may have critical importance only in a 
subset of peptic ulcer subjects. 

Inpatient Versus Outpatient Ulcers. Patients 
who first develop ulcers or ulcer complications while in 
the hospital experience more severe complications and 
respond poorly to medical and surgical therapy (see Stress 
Ulcer). Distinguishing this type of ulcer disease is crucial. 

Other Correlates of Ulcer Healing 
Ulcer Size. A venerable radiologic study indicated that 
large and small GUs heal at the same rate on antacids, 
about 3 mm per week. 573 Therefore, larger ulcers will 
squire more time to heal. Ulcer size, especially when a 
broad range is considered, has been shown to influence 
healing rates for GU. 259 574 Obviously, giant ulcers require 
more time to heal on antiulcer therapy than do smaller 
ulcers. Ulcer size has been a variable in some but not all 
studies of DU. 566 - 575 
The Predictive Value of the Prior History. The pa- 

U f ff S paSt Ulcer histor y wiU be one of the best P^dictors 
of future behavior. For example, patients with a history 
°f complications have an increased chance of future 
complications. Ulcers refractory to initial healing are 
UKely to rapidly recur and ulcers that have recurred 
^equently are likely to continue to do so. A long duration 
1 symptoms leading to presentation suggests an ulcer 
at is unlikely to heal spontaneously or respond readily 
t0 antiulcer therapy. 

voi Qnd Sex ' Youn 8 w °men may heal better than 
^ u °g men. 555 The effect of age is variable. Disease with 
be a 0861 in youlh and with a P ositive family history may 
ulcS° Ciated with poor hea,in g- 569 576 ° n the other hand, 
Voun m oWer P atients ma y heal more slowly than in 
u «ger patients. 555 * 573 577 - 579 Older patients are also more 



likely to bleed and re-bleed, to require more transfusions, 
and to have a prolonged hospital stay, probably due to 
co-morbidity. 448 - 449 

Other Ulcer Variables. Prepyloric ulcers and pyloric 
channel ulcers have been reported to heal more slowly 
than DU, 535 ' 580 although these conclusions are controver- 
sial. Stenosis or deformity of the duodenal bulb, detected 
at endoscopy, predicts impaired healing 560 * 581 and en- 
hanced relapse rates. 582 - 583 Decreased blood flow in the 
margin of both DU 196 and GU 195 has been associated with 
slow healing. Patients with simultaneous DU and GU 
may also have delayed healing and a more complicated 
course. 

Alcohol and Beverage Consumption. Many patients 
are told to stop drinking alcohol; however, there are no 
solid data indicating that modest alcohol consumption 
retards healing. 555 584 On the contrary, such modest alco- 
hol intake may even promote ulcer healing. 555 Alcohol 
abuse, on the other hand, interferes with patient compli- 
ance and ulcer healing. 569 ' 575 Wine, beer, coffee, decaf- 
feinated coffee, and many other beverages are also strong 
acid secretagogues (see Potential Risk Factors and As- 
sociations: Diet). Consuming a beer at bedtime will 
stimulate near maximal acid output while providing only 
modest buffering capacity that will be rapidly emptied. 
One can speculate that this habit, if sustained, might 
exacerbate an ulcer diathesis or esophageal reflux and 
may weaken inhibition of acidity by H 2 blockers given 
with the evening meal. 585 However, recommending elim- 
ination of beverages that are strong secretagogues would 
restrict a patient to little more than bread and water. 
Moderation in the consumption of strong secretagogues, 
especially on an empty stomach or at bedtime while not 
on antisecretory therapy, is an appropriate compromise. 

Diet. Although certain foods produce dyspepsia, there 
is no evidence that specific foods alter ulcer healing or 
recurrences. Investigators, appropriately from Texas, re- 
ported that red and black peppers cause acute gastric 
mucosal injury comparable to that produced by aspirin. 586 
Whether ingestion of pepper or other spices or foods 
impairs ulcer healing is doubtful, but avoidance of foods 
that produce dyspepsia is safe advice for an ulcer patient. 

Before the advent of specific therapy for peptic ulcer, 
dietary manipulations were utilized, although support for 
their effect on healing was scant. 587 Frequent feedings, 
justified on the basis that small meals cause less gastric 
distention, may lead instead to more sustained stimulation* 
of acid secretion. As with alcohol or other beverages, 
bedtime snacks stimulate nocturnal acid secretion. Milk, 
because of its soothing nature, was a mainstay of therapy 
until it was shown to be a strong secretagogue, largely 
because of its calcium and protein content. 588 Milk stim- 
ulates more acid secretion than it buffers and is not an 
effective antacid. However, milk may reduce acute acid- 
induced damage in rats 589 and protect against cysteamine- 
induced acute DU in mice. 590 Furthermore, four days of 
milk consumption decreased histamine-stimulated acid 
secretion in rats. 590 * Human milk contains potentially 
protective factors, including growth factors similar to 
epidermal growth factor, surface active phospholipids, 
and prostaglandin Ej. Thus, it is possible that milk has 
antiulcer actions that override stimulation of acid secre- 
tion. However, in a limited study in which patients on 
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cimetidine (1 gm daily) were randomized to a normal diet 
or a diet supplemented with 2 liters of milk daily, 591 ulcers 
healed in 78 per cent of patients on the normal diet 
compared with 53 per cent of patients on the milk- 
supplemented diet, indicating no benefit to ulcer healing 
in humans. Spiro 592 argues that since milk and a bland 
diet may produce subjective benefit in patients with 
dyspepsia, their use should not be discarded solely be- 
cause of a lack of scientific validation. However, ulcer 
patients should be cautioned that milk is neither an 
antacid nor specific therapy for their ulcer. 

PSYCHODYNAMIC FACTORS INCLUDING THE PHYSI- 

cian-Patient Relationship. Psychosocial factors and 
the clinical setting may influence not only perception of 
symptoms but also ulcer healing rates. The physician- 
patient relationship may be another important variable; 
one study found that the duration of pain during a 
recurrence varied significantly among patients treated by 
different physicians. 593 Stressful life situations, such as 
occupational, financial, and family problems, have been 
reported to be more frequent in patients with DU that 
required longer than six weeks to heal. 594 

Psychodynamic factors require assessment during the 
initial evaluation of a patient with chronic disease; insight 
into these factors may guide the diagnostic as well as the 
therapeutic approach. Since there is no consensus regard- 
ing either the importance of psychosomatic mechanisms 
in pathogenesis or the impact of psychotherapy on the 
course of ulcer disease, psychotherapeutic intervention 
should be reserved for those patients in whom it is 
indicated on independent grounds. Because psychody- 
namic factors are frequently present in patients presenting 
with chronic abdominal pain, careful psychosocial evalu- 
ation is indicated for most, if not all, patients presenting 
with ulcer or nonulcer dyspepsia. 

Antiulcer Pharmacology 

There are three modes by which acid secretion can be 
inhibited: antagonism of receptor interactions, blockade 
of cell activation, and inhibition of the H + ,K+-ATPase. 

H 2 Receptor Antagonists 

Four H 2 receptor antagonists, cimetidine (Tagamet), 
ranitidine (Zantac), famotidine (Pepcid), and nizatidine 
(Axid), have been approved by the FDA for use in the 
United States (Table 30-5). These agents are specific 
antagonists that inhibit acid secretion by blocking hista- 
mine H 2 receptors on the parietal cell. 

Structures. Cimetidine shares the imidazole ring struc- 
ture of histamine itself. Ranitidine is chemically distinct, 
based on a furan ring structure. In contrast, famotidine 
utilizes a thiazole ring structure. The side chains that 
confer H 2 receptor specificity are unique on each of these 
compounds. Nizatidine combines the thiazole ring of 
famotidine with the side chain of ranitidine. 595,596 

Absorption and Distribution. All four drugs are well 
absorbed after oral dosing. Absorption of these drugs is 
inhibited by 10 to 20 per cent by concomitant antacids, 
whereas food does not reduce absorption. Peak serum 
concentrations are achieved after one to three hours. All 
four drugs are distributed to most body organs, including 



TABLE 30-5. H 2 BLOCKERS 



EOUIVA- STANDARD 



DRUG 


SERUM 
HALF* 
LIFE 


RELATIVE 
POTENCY 


1 PUT 

DOSE 

(mg) 


DAILY 
DOSE 
(mg) 


MAINTENAN^ 
DOSE (mg) 


Cimetidine 


1.5-2.3 h 


1 


600-800 


800 hs 


400 ^ 










(400 b.i.d.) 


Ranitidine 


1.6-2.4 h 


4-10 


150 


300 hs 


150 hs 


Nizatidine 








(150 b.i.d.) 




2.5-4 h 


20-50 


20 


30(1 hs 


150 hs 










(150 b.i.d.) 


Famotidine 


11-1 6 h 


4-10 


150 


40 hs 


20 hs 



(20 b.i.d.) 

Modified from Feldman, M. and Burton, M.E. Histamineweceptor antagonists 
Standard therapy for acid-peptic diseases. N. Engl. J. Med* 323: 1672. 199U. 



cerebrospinal fluid; they also cross the placental barrier 
and are excreted in breast milk. 595 597 The distribution of 
cimetidine in cerebrospinal fluid appears to be increased 
in liver failure, 595 598 prompting caution regarding CNS 
side effects in this setting. 

Hepatic Metabolism. All four drugs are eliminated by 
a combination of hepatic metabolism, glomerular filtra- 
tion, and renal tubular secretion. 595 Bioavailability of 
cimetidine, famotidine, and ranitidine is reduced by 30 to 
60 per cent by first-pass hepatic metabolism. 595 In contrast, 
bioavailability with intravenous dosing approaches 100 
per cent, thereby justifying dose reductions with intrave- 
nous administration, depending on the goals of treatment. 
Since nizatidine undergoes little hepatic metabolism, bio- 
availability of nizatidine following oral dosing is 100 f 
cent. The half-life of cimetidine is prolonged with li\ 
failure. 598 - 599 Some authors advise dose reduction in the 
presence of significant hepatic dysfunction, 599 600 while 
others advise a decrease in the dose only if renal failure 
accompanies severe hepatic disease. 595 

Renal Excretion. Renal clearance of all four agents is 
generally greater than accounted for by glomerular clear- 
ance, reflecting the importance of renal tubular secre- 
tion. 595 Cimetidine and ranitidine compete with creatinine 
for renal tubular secretion, so that these H 2 blockers 
cause a slight elevation of creatinine. Since renal clear- 
ance is important for the elimination of all four agents, 
doses are generally reduced by 50 per cent in patients 
with moderate to severe renal failure. 595 Famotidine and 
nizatidine have the greatest dependence on renal clear- 
ance, so that their half-life is more prolonged with renal , 
failure. The quantities of the H 2 antagonists removed by ,. 
peritoneal dialysis and hemodialysis are small and replace- ,;. 
ment doses are not necessary. Clearance is decreased in;. : £ 
neonates and in the elderly, prompting recommendations 
to reduce the dose in persons over 75 years of age. 595,601 p 

Adverse Effects of H 2 Receptor :§ 
Antagonists 

Three categories of adverse effects are considered {J*'M 
ble 30-6). 602 (1) The toxic effects reflect excess effects by|| 
means of their normal mechanisms. For the H, blockers,-^ 
toxic actions would reflect excess inhibition of acid seer 
tion, as discussed subsequently. (2) Side effects refle^ 
actions unrelated to the primary therapeutic action, suchp 
as those enumerated below. (3) Lastly, drug interaction^ 
are considered at the end of this section. $m 
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TABLE 30-6. ADVERSE EFFECTS FROM ANTIULCER THERAPY 





H 2 BLOCKERS OMEPRAZOLE 


SUCRALFATE ANTACIDS 


I. Toxic effects 


UI v> nnrh In r h vario * 
nyfjuirfiiv''*y**i it*. 

Bacterial overgrowth 
Hypergastrinemia 
Altered absorption from alkalinization 
Decreased absorption of divalent cations 
Decreased B j: absorption 




II. Side effects 


Antiandrogenic: cimetidine CNS 
reactions; headaches; immune 

m J k .lA«*AMi /«ArWi^/* r An/Hi i r»ti An 

modulation, cardiac conaucnon 
abnormalities; idiosyncratic 
hepatic injury; immune 
hypersensitivity reactions; 
thrombocytopenia; 
granulocytopenia 


Aluminum absorption, 
phosphate depletion 


III. Drug interactions 


A. Absorption 


Intraluminar alkalinization, 
inhibits absorption (e.g., ketoconazole) 


Intraluminal drug binding of: 
Tetracycline, ciprofloxacin, isoniazid, 
chloroquine, warfarin, digoxin, phenytoin, 
quinidine, aspirin and other NSAIDs, 
cimetidine, ranitidine, ferrous sulfate, 
theophylline 


B. P 4M mediated 


Cimetidine (» ranitidine) Diazepam, 
Warfarin, theophylline, phenytoin, warfarin, 
diazepam, propranolol - phenytoin 


j 


C Excretion 


i Renal tubular excretion of 





The H 2 receptor antagonists are remarkably safe drugs. 
V Summating short-term controlled trials, adverse reactions 
J for cimetidine are not different from placebo. 603 Postmar- 
keting surveillance studies have supported the safety 
profile of cimetidine. 604 - 605 The other H 2 blockers appear 
to have the same excellent safety profile. However, a 
number of uncommon side effects have been reported 
with H 2 blockers, primarily as isolated cases or retrospec- 
tive, uncontrolled series. However, causality cannot be 
established from the temporal association between drug 
use and an untoward effect, particularly when the clinical 
situation is complicated by serious medical illness and the 
use of multiple drugs. 606 In addition, no reasonable con- 
clusions regarding causality can be drawn without drug 
rechallenge, which is rarely performed. Although differ- 
ences exist among the H 2 blockers for certain side effects, 
the focus has been on cimetidine for a number of reasons: 
(1) the reporting of side effects is directly proportional to 
the clinical experience with a compound, (2) side effects 
are more commonly reported when the class of com- 
pounds is newly introduced, and (3) bias is created once 
a drug is linked to a putative side effect."* Therefore, in 
the absence of controlled comparisons, only limited con- 
clusions can be drawn regarding the relative occurrence 
°f uncommon side effects with the H 2 blockers. 

Antiandrogenic Effects. Cimetidine can produce gyne- 
comastia and impotence; however, these effects are dose- 
a nd time-dependent. Gynecomastia is rare with less than 
ei ght weeks of therapy at normal doses of cimetidine and 
has occurred in only 0.2 per cent of patients treated for 
26 weeks. 6117 The most convincing evidence that the pu- 
tat *ve antiandrogenic effects of cimetidine are clinically 
re fevam are the findings that gynecomastia and impotence 



occur in half of the men with hypersecretory disorders 
who undergo prolonged high-dose cimetidine therapy. 
Furthermore, when these patients were switched from 
cimetidine to ranitidine therapy, the gynecomastia and 
impotence gradually resolved, 608 indicating a true differ- 
ence between H 2 blockers with' prolonged use of high 
doses. Thus, although gynecomastia and/or impotence 
have been rarely reported in association with the other 
H 2 blockers, 595 ' 609 - 610 clinical relevance remains question- 
able. 

Evidence indicates that cimetidine produces antiandro- 
genic effects by antagonism of peripheral androgen recep- 
tors. 595 Hyperprolactinemia can occur with intravenous 
injection of 300 mg of cimetidine and with intravenous 
doses of ranitidine above 100 mg. 595 ' 607 However, neither 
drug given orally produces hyperprolactinemia or altera- 
tions in circulating testosterone, LH, or FSH levels." 11 
These endocrine effects of H 2 blockers are reversible and 
have little clinical impact with normal doses even with 
prolonged use. 

Effects on the Immune System. H 2 receptors appear to 
be present on suppressor T lymphocytes. 612 Several ob- 
servations suggest that blockade of these receptors en- 
hances immune function: enhanced cell-mediated immu- 
nity, enhanced responsiveness of peripheral blood 
lymphocytes to mitogenic stimulation, 613 and restoration 
of sensitivity following development of acquired toler- 
ance 612 have been observed in patients on H 2 blocker 
therapy. Although further studies are needed, enhanced 
immune function in response to H 2 antagonists may have 
desirable effects, such as facilitating resolution of viral or 
other infections in immunocompromised hosts or improv- 
ing clinical performance status in HIV-infected pa- 
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tients. 612 6,4 However, deleterious effects may also result 
from H 2 receptor blockade, such as enhanced transplant 
rejection and enhanced autoimmune or allergic activity. 
Most of these studies were done with cimetidine, and it 
is possible that some of these immunomodulatory effects 
reflect a unique action of the imidazole ring rather than 
actions at H 2 receptors. Comparative data with other H 2 
blockers are limited and conflicting on this point 613 - 615,616 ; 
the relative efficacy and clinical significance of the actions 
of H 2 blockers on the immune system will be clarified 
only by further study. 

Other uncommon reactions may be mediated by im- 
mune mechanisms, including polymyositis and interstitial 
nephritis reported with cimetidine. 612 - 617 An immune com- 
plex rash 618 has been reported with ranitidine. Fever has 
been associated with both cimetidine and ranitidine, with 
a rechallenge supporting association with ranitidine ther- 
apy. 619 

Hematopoietic Effects, H 2 blockers have been impli- 
cated in rare cases of myelosuppression, thrombocytope- 
nia, neutropenia, anemia, and pancytopenia. 595 620 ~ 623 
These cases are idiosyncratic, in that events are rare and 
unpredictable. H 2 blockers have been implicated in he- 
molytic anemia, although detailed studies in some of 
these cases have failed to find antidrug antibodies or 
hemolysis upon rechallenge, 624 underlining the need for 
caution in extrapolating from temporal association to 
causality. Complement-mediated immune mechanisms in- 
volving ranitidine ha vie been implicated in Coombs-posi- 
tive anemia. 625 Thrombocytopenia has also been linked 
to hypersensitivity to ranitidine, with cross-reaction with 
cimetidine reported 626 arid refuted. 627 

In the setting of bone marrow transplantation, myelo- 
suppression has been associated with H 2 blockers. For 
example, in about 5 per cent of 223 bone marrow trans- 
plantation cases treated with ranitidine, clinical evidence 
and the absence of other potential factors implicated 
ranitidine as the probable cause of myelosuppression. 628 

In summary, several mechanisms can potentially me- 
diate the immune and hematopoietic effects of H 2 block- 
ers: (1) idiosyncratic reactions of the immune hypersen- 
sitivity type, (2) idiosyncratic reactions occurring by 
unknown mechanism, (3) effects mediated by blockade 
of pharmacologically typical H 2 receptors, or (4) phar- 
macologic effects on target hematopoietic or immune 
cells independent of the H 2 receptor. In normal hosts, 
effects are rarely of clinical significance, but they may 
become clinically relevant if the immune or hematopoietic 
system is perturbed, such as following transplantation. 
Until adequate data are available, caution should be 
exercised in the use of H 2 blockers in patients in whom 
enhancing immune function would be deleterious, such 
as after transplantation or with autoimmune disorders. 

CNS Side Effects. CNS symptoms, including confusion, 
restlessness, somnolence, agitation, headaches, and diz- 
ziness, have been reported with H 2 blocker therapy. 606 
Hallucinations, focal twitching, seizures, unresponsive- 
ness, and apnea have been implicated to occur if therapy 
is continued. 629 - 630 CNS side effects from any H 2 blocker 
are quite uncommon during outpatient therapy. Mental 
status changes have been reported, particularly in the 
ICU in elderly patients with renal and/or hepatic dys- 
function, 629 631 632 although the incidence of such symptoms 



with H 2 blockers varies greatly among studies. 606 Age and 
multiple system failure predispose to CNS symptom? ' 
the ICU setting, with this high background preven 
firm conclusions regarding the risk of CNS side effe Ua 
from H 2 blockers. 606 Proving exacerbation of "ICU-itis" 
by a single drug would require large, randomized con- 
trolled trials, 606 which have not been performed. CNS 
reactions usually occur within the first two weeks of 
therapy. 606 Cimetidine has been implicated as the most 
frequent cause of these CNS symptoms. However, CNS 
effects also occur with ranitidine and famotidine. 595 
Ranitidine also has been reported to produce headaches 
with positive rechallenge in a few cases. 635 Because of the 
inadequacy of the literature and the biases noted above 
case reports and uncontrolled series suggest that all of 
the H 2 blockers uncommonly produce CNS effects; the 
relative impact of the different H 2 blockers remains un- 
certain. 606 Whether these adverse effects occur less fre- 
quently with continuous IV dosage remains to be estab- 
lished. The mechanisms producing these CNS effects have 
not been identified; interaction with cerebral H 2 
receptors 636 is possible but unlikely because reactions are 
highly unpredictable rather than dose dependent. 

Hepatic Effects. Transient, small increases in serum 
transaminases can occur with H 2 blocker therapy, espe- 
cially with high intravenous doses, but these changes 
resolve during continued therapy. 600 - 637 Very rare cases of 
acute hepatitis have been reported within two days to 
seven months after initiation of cimetidine or ranitidine 
treatment. 600 Only a few of these cases are associated w^* v 
apparent immune hypersensitivity (rash, fever, eos 
philia); the other cases are probably due to an idios>- 
cratic response to a metabolite. 600 Generally the acute 
hepatitis is rapidly reversible after withdrawal of the 
agent; rechallenge has been positive in a few cases. 
However, because of the rarity of these reports and their 
occurrence in patients with other potential causes of 
hepatic injury causality remains uncertain in many cases. 
Clearly, none of the four H 2 blockers are hepatotoxic, 
but probably all four agents are capable of rare, idiosyn- 
cratic hepatic injury. 600 These events are too uncommon 
to justify the cost of serial monitoring of liver function. 
However, it might be prudent to check hepatic function 
about five days into high-dose intravenous therapy. If 
hepatitis does develop in a patient on H 2 blockers, im- 
mediate discontinuation of the drug is indicated. If H 2 
blocker therapy needs to be continued, after resolution 
of the liver function abnormalities, one of the other three 
H 2 blockers should be selected and liver function carefully 
followed. Readministration of the same drug requires 
close monitoring. Contrary to early reports, H 2 blockers 
do not appear to alter hepatic blood flow significantly. 600 

Cardiac Effects. Sinus bradycardia, A-V block, prolon- 
gation of the Q-T interval, and sinus and cardiac arrest 
have occurred with the rapid infusion of H 2 blockers, 
although oral therapy has been also incriminated in pro- - 
ducing cardiac effects. 638 " 640 H 2 receptors are present in .1 
the heart, and H 2 blockers do appear to slightly reduce , 
heart rate and blood pressure during submaximal e 
cise. However, whether the significant adverse effects ? 
sinus rhythm and conduction are due to cardiac ft| 
receptors or other compound-specific effects is uncertain- 1 
Of interest, in a case report in which oral ranitidine | 
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induced atrioventricular block, similar changes were not 
found with other H 2 blockers, 641 indicating that ranitidine 
was active via an H : receptor-independent mechanism. 
Possible risk factors for cardiac effects of H 2 blockers 
include rapid IV infusions, high dosage, conditions such 
as renal or hepatic dysfunction that would alter clearance, 
and underlying cardiac disease. 63X ~ 640 - w2 The degree to 
which these effects occur with continuous intravenous 
infusions remains to be established. 

Omeprazole 

Mechanism of Action. Omeprazole is a substituted 
benzimidazole with a unique antisecretory action based 
upon inhibition of the parietal cell H \ K* -ATPase, the 
pump responsible for acid secretion. W3 - 64J This specific 
ATPase is present in the parietal cell membranes that 
line the apical surface and the tubulovesicles that fill the 
cytoplasm in the resting slate. With stimulation, these 
tubulovesicles are transformed into secretory channels 
that drain into the lumen, thereby positioning the H + , 
K' -ATPase for the job of secreting acid. The enzyme 
appears to be active in the tubulovesicles, but little acid 
is secreted because of low luminal concentrations of K + , 
which are necessary for exchange with H + . Crucial to the 
secretion of acid is the activation or insertion of a mem- 
brane channel for transport of K* CI" . 645 

Three features account for the unique action of ome- 
prazole. 643 (1) Omeprazole is a weak base that is concen- 
trated in the acid compartments of the parietal cell by 
pH partition. With a pKa of 4.0, omeprazole rapidly 
permeates plasma membranes at physiologic pH. How- 
ever, when it encounters the acidic environment of the 
tubulovesicles and canaliculi of the parietal cell, it be- 
comes ionized and therefore trapped and concentrated in 
the acidic compartments that contain the H + , K * - ATPase . 
(2) Ai acid pH omeprazole is converted from a prodrug 
to a sulfenamide intermediate with a reactive sulfhydryl 
group. This "on-site'' activation accounts for the unique 
targeting of omeprazole's action. (3) Activated sulfen- 
amide and sulfenic acid derivatives of omeprazole form a 
disulfide bond with cysteine residues on the a chain of 
the H"\K* -ATPase, thereby inactivating the enzyme. 646 
This disulfide bond can be broken by reducing agents. 
However, in the parietal cell, the inactivation is essentially 
irreversible and accounts for the prolonged action of 
omeprazole. The recovery of acid secretion probably 
reflects the synthesis of new H* ,K + -ATPase; spontaneous 
reduction of the disulfide bond appears to account for at 
roost a minor component of the recovery of enzyme 
activity. 

Formulation and Absorption. Because omeprazole is 
acid-labile, it will be inactivated if permitted to dissolve 
in the acidic gastric juice. Therefore, with the oral prep- 
aration, enteric-coated granules are dispersed in the stom- 
ach; these granules do not dissolve until encountering a 
PH above 6 in the intestine. Following an oral dose of a 
buffered suspension, omeprazole is rapidly absorbed and 
Peak plasma levels reached in 30 min; the half-life in the 
Ser um is one hour. 647 Absorption of the enteric-coated 
granules is slower, with peak concentrations occurring 
?ne to three hours after dosing and the drug detectable 
ln serum for about eight hours (Fig. 30-23/l). W8 This 
Pharmacokinetic pattern underlines the conclusion that 



the prolonged duration of omeprazole's antisecretory 
action reflects its irreversible inactivation of the parietal 
cell H + ,K + - ATPase, rather than a prolonged serum half- 
life. Bioavailability of omeprazole increases after five 
days of treatment, 647 648 probably as a result of increased 
absorption of the acid-labile drug following full induction 
of the antisecretory effect or altered first-pass hepatic 
metabolism. 

The effectiveness of omeprazole, at least when given 
by oral administration, reflects the area under the plasma 
concentration-time curve (AUC) rather than the peak 
serum levels of omeprazole (Fig. 30-235). M764y Admin- 
istering omeprazole with food delays absorption of the 
drug but does not diminish the total absorbed dose and 
therefore should not diminish effective delivery of ome- 
prazole to the parietal cell. 

Hepatic Metabolism and Excretion. Omeprazole is 
itself metabolized in the liver, presumably by isozymes of 
the cytoch rome P 45() -IIC family. 647, 65u The metabolites are 
inactive and are excreted mostly in urine, with the re- 
mainder being found in stool following biliary excretion. 647 
Clearance is not altered in renal failure (Fig. 30- 

23Q 647.651 

Slow Metaboiizers: Acquired and Inherited. Omepra- 
zole clearance is significantly delayed with impaired he- 
patic function. 647 In elderly subjects clearance is highly 
variable; therefore, the AUC varies considerably (Fig. 
30-23C). 647 - 652 It is interesting to note that in a small 
percentage of normals, hepatic metabolism is also mark- 
edly delayed (Figs. 30-23,4 and 30-23C). This abnormal- 
ity is reproducible and probably an inherited trait reflect- 
ing impaired function of the cytochrome P 450 -IIC isozyme 
that metabolizes omeprazole In these slow metaboiizers, 
plasma half-life is about three-fold prolonged and the 
AUC is increased about ten-fold. 652 Drug accumulation 
does not appear to occur with a daily dosage schedule 
because the drug is cleared in this period even in slow 
metaboiizers. In light of the wide safety margin with 
omeprazole, there are no current recommendations to 
alter dosage in the elderly or in the presence of hepatic 
failure. However, profound inhibition of acid secretion 
would be anticipated in slow metaboiizers; therefore, 
these persons are exposed to the theoretical risks of 
hypochlorhydria (see Consequences of Hypochlorhydria). 
However, this hypothesis regarding slow metaboiizers has 
not been directly tested. In slow metaboiizers who require 
prolonged omeprazole therapy, cost savings from dosage 
reductions might justify the effort spent identifying these 
persons. 

Adverse Effects. Omeprazole joins the v H 3 blockers in 
having few side effects in short-term use". 653 - 654 The ab- 
sence of side effects may be due in part to the fact that 
the prodrug is activated only in the acidic compartments 
of the parietal cell. However, although clinical experience 
with omeprazole is considerable, the spectrum of rare or 
delayed untoward effects remains to be fully defined. An 
elevation of liver enzymes was noted in 30 per cent of 
patients in one early series, yet numerous other studies 
have found no evidence of hepatotoxicity, h53 h5J and clin- 
ical hepatitis appears rarely. ft54a 

Inhibition of Acid Secretion. Omeprazole inhibits acid 
secretion in humans over a dose range from 5 to tSO mg 
daily; however, the dosage and time dependency of 
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Fieur^ 30-23. Omeprazole pharmacokinetics and pharmacodynamics. A , The plasma concentration curve for rapid 
and I lo" metabS is shown as a function of time after a 20-mg dose of omeprazole. (Data from Andersson et 
X b Th mhibilion of acid secretion by omeprazole is shown as a function of the area under the plasma 
concentration curve (AUC). (Redrawn from Lind et a). Effect of omeprazole-a gastric : proton pump inhibitor— 
^SSS^^^ acid secretion in man Gul 2 ' :270 ' 19830 C The u AUC , foll r in e omeprazole 
5i«SSo?"mustFated for control (CONT) and aged subjects and patients with renal or hve, _Mur* (Data 
from Cederberg et al w7 ) 0, Time course for gastric pH following intravenous administration of 40 or 80 mg of 
omeprazole to fasting subjects. (Data from Baak et al. 661 ) 



inhibition have several unique features. The effectiveness 
of antisecretory action increases over the first few days 
of therapy, probably reflecting progressive increases in 
bioavailability and inhibition of the H + ,K + -ATPasc. Fur- 
thermore, this lag period is inversely related to dose. A 
single 10-mg dose has a modest effect on acid secretion, 
but after five days a 93 per cent reduction in basal 
secretion and a 66 per cent reduction in pentagastnn- 
stimulated acid secretion were found. 651 After 7 days of 
treatment with 10, 20, or 30 mg daily, 24-hour H + activity 
was decreased by 27 per cent, 90 per cent, and 97 per 
cent, respectively. 655 After a second week of therapy no- 
further increase in inhibition was observed and no further 
inhibition was found at a dose of 60 mg daily in this 
group of subjects. The antisecretory action persists for 
between 24 and 72 hours, reflecting irreversible inhibition 
of theH\K + -ATPase. 

Although all antisecretory agents produce variable re- 
sponses the effectiveness of omeprazole is particularly 
variable at low, but not high, doses. After seven days on 
the 10-mg dose, some patients had virtually no inhibition 
of acid secretion while others experienced >90 per cent 
inhibition. This variability limits general use of a 10-mg 
dose. 655 656 At 20 mg, inhibition is still somewhat variable 
(Fifi 30-24); however, mean inhibition of acidity (H + 
concentration) is about 90 per cent (Fig. 30-25). At 40 



mg, marked inhibition of acid secretion is observed in 
most subjects (Figs. 30-24 and 30-25). Several hy- 
potheses have been raised to explain this variability (see 
Hypergastrinemia). 

The Parietal Cell Has to be Turned On to be 
Turned Off by Omeprazole. Since omeprazole must 
be concentrated and activated in the acidic compartments 
of the parietal cell, omeprazole will inactivate only the 
,K'-ATPase present in actively secreting membrane 
compartments. In a study of isolated gastric glands in 
vitro™ or in intact dogs, 657 the effectiveness of omeprazole 
depended on the degree of activation of acid secretion at 
the time omeprazole was administered. To underline this 
point, omeprazole action was markedly compromised if 
the agent was administered during a time period when 
acid secretion was inhibited by co-administration of either 
an H 2 blocker or somatostatin." 57 When given to fasting 
patients by intravenous bolus, an omeprazole dose of 40 
mg every 6 hours produced pH values >4 for 85 per cent 
of first 24 hours. 658 Two other studies indicated that bolus 
intravenous doses of 40 mg every 6 hours were necessary 
to reliably achieve a pH >4 . 659 - 660 The time course for 
bolus intravenous omeprazole appears very short when it 
is administered to fasting subjects. For example, when 
intravenous omeprazole was given as a single bolus of 4U 
or 80 mg to subjects at the beginning of an infusion ot 
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Figure 30-24. Dose response for omeprazole inhibition of nocturnal 
acid secretion. Acid secretion was determined during four night-time 
sessions for 7 patients with duodenal ulcer: single doses were given at 
8 a.m. of placebo or omeprazole at 20, 40, or 80 mg. Acid secretion 
was then determined between 9 p.m. and 6 a.m., with the data expressed 
as a percentage of secretion with placebo. (Data from Shearman et 
al.* J ) 



intravenous amino acids, inhibition of acid secretion by 
omeprazole lasted for only 3 hours (Fig. 30-23 £>), 663 
rather than the expected 24. These data might suggest 
that the intravenous route compromised the efficacy of 
omeprazole. To the contrary, in both humans (C. Ced- 
' T \ tT %y personal communication) and dogs 657 intravenous 
\ iprazole is fully effective if acid secretion is stimulated 
/ pentagastrin during the omeprazole administration. 
Furthermore, in gastrinoma patients undergoing surgery, 
intravenous omeprazole in doses of 60 mg every 12 hours 
markedly inhibited acid secretion. 662 Intravenous omepra- 
zole also effectively inhibits acid secretion in subjects 
when administered daily just before breakfast. 6623 

The poor efficacy of omeprazole given by bolus intra- 
venous administration to fasting subjects probably reflects 
two elements: (1) Administration during a period when 
the parietal cell is inactive. If the parietal cell is ^stim- 
ulated when omeprazole is administered, the acidic com- 
partment will be collapsed and the H + ,K + -ATPase inac- 
cessible to omeprazole because the drug will not be 
concentrated or activated in the right place. It is important 
|° emphasize that pumps in resting vesicles will be poorly 
inhibited by omeprazole. With a high proportion of 
Pumps remaining unblocked in the resting cell, the du- 
ration of inhibition of omeprazole will be short because 
tfl e unblocked pumps will be available for recruitment 
u Pon subsequent stimulation. (2) With the brief duration 
of the plasma concentration curve for intravenous admin- 
Nation, inhibition will be limited to those pumps that 
* re activated during this period. Unless parietal cells 
tmiulation is near maximal, inhibition will be compro- 
mised. 

* Few Practical Points. The efficacy of omeprazole 
!J depend on whether parietal cells are at rest or 
j v ated by food, gastrin, or vagal stimuli during the 
^e the prodrug is circulating. Omeprazole will be most 
ljv ectlv e when taken with or shortly before meals; effec- 
ene ss is likely to be significantly compromised if taken 



during a prolonged fasting period. The effectiveness of 
an evening (9 p.m.) dose is compromised, but only 
slightly," 2 " presumably because of the postprandial and 
arcadian drive to acid secretion, plus the long duration 
of action of the enteric-coated preparation. 

In the ICU setting with fasting patients, it appears that 
omeprazole is most effective when given by continuous 
intravenous administration; however, a dose of about 8 
mg/h appears necessary to induce maximal inhibition of 
acid secretion. 662 ' The necessary dosage will probably be 
markedly reduced if the patient is receiving enteral or 
possibly parenteral nutrition. There is little clinical ex- 
perience with these high dosages, and neither these do- 
sages nor the intravenous route is approved by the FDA 
for use in the United States. 

Although not an FDA-approved route of administra- 
tion for patients with nasogastric or gastrostomy tubes, 
the omeprazole capsule can be opened and the granules 
administered via the tube, but these granules should be 
suspended in an acidic solution (e.g., orange juice) to 
avoid dissolution if administration or gastric emptying is 
delayed. However, as noted above, if given during a 
prolonged fast, effectiveness is likely to be compromised. 

.Omeprazole should not be co-administered with an- 
other antisecretory agent. Higher dosages of omeprazole 
or more frequent administration rather than combination 
therapy is indicated if greater antisecretory effectiveness 
is required. 

In most subjects, the 20-mg dosage of omeprazole will 
not become fully effective until after about four days of 
therapy. Continuing H 2 blockers during a transition pe- 
riod will be counterproductive. If desired, a "jump start" 
to omeprazole therapy could be achieved by administering 
20 mg of omeprazole every 6 to 8 hours for about 24 
hours, although this regimen has not been formally tested. 
In transition from intravenous H 2 blockers, the relatively 




Figure 30-25. The inhibition of gastric acidity by various therapies. 
Data from 24-hour gastric pH studies were combined from several 
investigators. The effects on nocturnal and daytime acidity were deter- 
mined in response to omeprazole 40 mg q.d. (OM40), omeprazole 20 
mg q.d. (OM20), ranitidine 300 mg hs (R300HS), famotidine 40 mg hs 
(F40HS), cimetidine 800 mg hs (CM800HS), ranitidine 150 mg hs 
(R150HS), cimetidine 600 mg b i d. (CM600BD), ranitidine 150 mg 
b.i.d. (R150BD), and cimetidine 400 mg b.i.d. (CM400BD). (Data 
from the meta-analysis of Burget ct al. ,u ) 
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short half-life of these agents (see Table 30-5) allows 
omeprazole to he started four to s,x hours after discon in- 
Son of the H 3 blockers, assum.ng that the pat.ent ,s 

^NONSELECTIVE AND SELECTIVE ANTIMUSCARIN1C 

AGENTS. Anticholinergic agents decrease basal and noc- 

tumaTgastric acid secretion by about 40 to 50 per cent 

and fnhio meal-stimulated gastric acid secret.on by about 

30 oLr ait * Their use in acid/pept.c disorders has been 

limited bv the well-recognized muscarinic side effects. 

such as dn' mouth, blurred vision, exacerbation of glau- 

fnL ileus urinary retention, and tachycardia. Pirenze- 

Zeis a annmus<Linic antagonist that is sem.selectrve 

? ' w r "centers thereby inhibiting acid secretion with a 

w S ve potency, then interacting with receptors 
greater relative poten y M m M 

XT SrucTural y Velated to the tricyclic antidepressants, 
ISSSSSSSi^c and has low permeability across 
S?52d5Sta barker - Presumably because of these 

Jrti^c at the usual therapeutic dosage (50 mg b.i.d. 
TtT 3 ) piren^Pine has moSest cholinergic side effects 
?d7v mouth 14 per cent; blurred vis.on, 2 per cent). Few 
la iems drop out of clinical studies as a result of side 
effects % Telenzepine, another semiselective antimusca- 
rini agent, is 4 to 20 times more potent than pirenzepine 
hn has a similar overall efficacy and relative specificity 
w iuscar nTc receptor subtypes. 666 Although m c hnical 
use taSSffeESA*.. neither pirenzepine nor telenze- 
l ne ?s app oved for ifse in the United States. 
P Imlavl Antacids containing aluminum and mag- 

• ™ hvdroxide effectively heal ulcers. However, the 
"S, mdSfen That antacids heal ulcers by neutral- 
° b » cJSic acTmay not be correct, in part because 
Sis no SnelTtion between the antacid buffering 
capacity administered and ulcer healing efficacy (see 
a?£ nrienendent Duodenal Ulcer Therapy: Antacids 

Ti x Xy) F^ mo ^ in animal m ,? dels ' , antacids - pr °" 

tect Sic mucosa against acute chemical injury in a 
manner independent of buffering aad 66 '- 668 ; neutralizing 
Z Antacid buffering capacity before administration ap- 
o^ars to enhance-not reduce-protection against acute 
mucosal injury in rats. There is a long list of potential 
Xnfcms that may be involved in these acid-indepen- 
T°, S of antacids Several of these mechanisms 
de " ifn S ^mose proposed for sucralfate; these agents 

alum num complexes. Antacid and Al(OH) s bind EGF 
and Snce EGF binding to experimental ulcers, thus 
££? deliver growth factors to injured mucosa** 
However, removal of salivary glands, which produce he 
EGF found in saliva, caused minimal reduction .n the 
heaHng efficacy of Al(OH) ? in experimental ulcers sug- 
gesting that growth factors from other sources were bound 
(for example, transforming growth factor a is present in 
SrMuice) or that other mechanisms were involved. 
An acids have been shown in preliminary studies to 
nromote angiogenesis in injured mucosa. 210 Antacids a so 
CdWte addend inhibit pepsin activity.- Antacids also 
influence H. pylori status; heavy metals are well known 
SSS£-Kt generally not eradicate-H. pylon. It is 
not yet known which of these actions observed in animal 
model translate into promoting ulcer healing in human 
peptic ulcer disease, but antacids appear to do more than 
buffer acid. 



Advene Effects. Antacids have side effects that are a 
function of the quantity consumed and the duration of 
therapy. Magnesium-containing antacids cause diarrhe. 
and hypermagnesemia, the latter only being a significant 
problem in the face of renal failure. Antacids may also 
contain considerable sodium, and sodium overload can 
occur in susceptible patients. Ingestion of large amounts 
of calcium and absorbable alkali, particularly calcium 
carbonate, can lead to hypercalcemia, alkalosis, and renal 
impairment, the venerable milk-alkali syndrome .**• «> 
Calcium-containing antacids, but not Al/Mg antacids, also 
stimulate acid and gastrin secretion," 72 thereby inducing 
"acid rebound." 6 " Aluminum absorption and effects on 
mineral metabolism are discussed subsequently. 

Sucralfate. Sucralfate (Carafate) is a sulfated poly- 
saccharide, sucrose octasulfate. complexed with alumi- 
num hydroxide. Sucralfate prevents acute, chemically 
induced mucosal damage and heals chronic ulcers without 
altering gastric acid or pepsin secretion or significantly 
buffering acid.™ *" The several mechanisms proposed 
for the antiulcer actions of sucralfate parallel those de- 
scribed for antacids, probably because of the shared 
Al(OH) 3 content.* 74 Sucralfate inhibits peptic activity 
by impairing the pepsin-substrate interaction, and it binds 
bile salts and increases mucosal prostaglandin produc- 
tion. J(W 674 "* 76 In preliminary studies, sucralfate has been 
found to stimulate angiogenesis and formation of granu- 
lation tissue in an in vivo wound healing model. 2 "" These 
actions are shared with various growth factors, such as 
fibroblast growth factor (FGF), and sucralfate binds FGF 
with high affinity. 209 In turn, sucralfate binds to the uk 
base and thus is positioned to deliver growth factors i 
the wound. By coating the ulcer bed, sucralfate could 
also potentially reduce the access of pepsin and acid. 
Although Al(OH) 3 appears to mediate some of these 
actions, the sucrose octasulfate moiety may also play a 
role, possibly by contributing sulfhydryl groups to reduce 
oxidant damage to epithelial cells. The binding of this 
agent to the ulcer base is enhanced at a pH below 3.5, 
leading to the recommendation that the drug be admin- 
istered 30 to 60 minutes before meals. It is not clear 
which of these actions underlie mucosal protection against 
acute injury and which ones underlie the healing actions 
on chronic peptic ulcers. 

Adverse Effects. Sucralfate has minimal untoward ef- 
fects, and in short-term drug trials side effects are not 
clearly different from those of placebo." 6 Sucralfate can 
bind other drugs (see Table 30-6) if taken simultaneously, 
although the clinical consequences are minor. 

Aluminum and Mineral Metabolism with Su- 
cralfate and Antacids. Absorption of aluminum oc- 
curs from several antacid formulations. 677 Daily consume 
tion of doses as low as 120 mmol of antacid tablets 
increases serum and urinary aluminum levels during f° ur 
weeks of therapy. 678 A therapeutic dose of sucralfate 
contains about 0.8 gm of aluminum and the absorption 
of aluminum is comparable to that seen with aluminum 
hydroxide antacids, representing about 0.005 per cent . 
the ingested amount. 67711 During therapy with 4 gin 
sucralfate daily, serum and urine aluminum levels 
crease. Aluminum is generally readily excreted by norm 
kidneys, and urinary levels remain elevated for one 
three weeks after discontinuing therapy . 67V - fc!il Thus, 
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normal renal function, any body burden of aluminum 
appears to be eliminated within a few weeks after therapy 
stopped. However, significant retention can occur with 
) iial failure; neurotoxicity and brain deposition of alu- 
minum can develop in this setting with antacids 682 or 
sucralfate. 676 ' 680 

Even in subjects with normal renal function, simulta- 
neous consumption of citric acid enhances absorption of 
aluminum from antacids by 50-fold, resulting in consid- 
erable elevations in serum aluminum concentration. 678 - 683 
It is likely that citric acid produces similar enhancement 
of aluminum absorption from sucralfate. To avoid en- 
hanced aluminum absorption, especially in the setting of 
renal failure, it is advisable to avoid combining antacids 
or probably sucralfate with foods or other agents that 
contain citric acid (e.g., Alka-Seltzer). 684 

The extent and consequences of aluminum deposition 
in tissues with sustained use of either class of agents have 
not been defined, but the possibility of significant alumi- 
num retention in the face of normal renal function is 
remote. In rats following eight weeks of sucralfate treat- 
ment approximating therapeutic dosages in humans, some 
difference in bone concentrations of aluminum was 
noted. 685 Although aluminum deposits have been reported 
in brain tissue in Alzheimer's disease, evidence argues 
against significant aluminum deposition in brain or a role 
for this metal in pathogenesis. 684 - 6861 687 However, more 
rigorous investigation of tissue aluminum is required in 
humans before firm conclusions can be reached. 

Aluminum salts block intestinal absorption of dietary 
\ hosphate; in two weeks of therapy with moderate doses, 
)*gnificant hypophosphatemia can develop, especially if 
the patient is on a low-phosphate diet or is phosphate- 
depleted for other reasons. 688 Sucralfate also binds phos- 
phate, leading to similar theoretical consequences, and 
combining sucralfate and antacids can potentially amplify 
these effects. 681 With prolonged phosphate depletion, 
mineral metabolism is disrupted, urinary and fecal excre- 
tion of calcium are increased, and osteoporosis, osteo- 
malacia, and pathologic bone fractures can develop. 681 - 689 
Although the untoward consequences of prolonged full- 
dose sucralfate or antacid therapy are likely to be quite 
small, some caution is required until further studies are 
available. Both sucralfate and antacids warrant cautious 
use in patients with renal failure. 

Bismuth. The venerable status of bismuth as therapy 
for dyspepsia has been adorned with numerous hy- 
potheses regarding mechanisms, the most recent of which 
is the suppression of H. pylori. Two forms of bismuth are 
roost commonly used: colloidal bismuth subcitrate (CBS), 
also known as tripotassium dicitrato bismuthate (DeNol), 
?nd bismuth subsalicylate (BSS, Pepto-Bismol). Neither 
js approved for therapy of peptic ulcer in the United 
States. BSS is an insoluble complex, with 30 ml containing 
258 gm of salicylate and 303 mg of bismuth. 690 At a pH 
^.5. HC1 reacts with the complex, forming bismuth 
oxychloride and liberating salicylate, which is readily 
absorbed. CBS is a complex bismuth salt that also forms 
tosmuth oxychloride as the complex dissolves in HCI. An 
jlevated gastric pH may interfere with activation of 
bismuth compounds in the stomach. In the colon, with 
j* ot h agents bismuth salts react with hydrogen sulfide to 
*°rm bismuth sulfide, which blackens the stools.* 90 Pre- 



sumably the free BP* is responsible for the biologic 
actions. 

Proposed Mechanisms of Ulcer Healing. Bismuth does 
not inhibit or neutralize gastric acid secretion. However, 
pepsin activity was significantly inhibited and mucous 
secretion appeared enhanced by four weeks of treatment 
with CBS. 691 CBS decreases pepsin degradation of mucus 
and EGF, 692 a finding that may explain the apparent 
inhibition of pepsin output. As with AI(OH) 3 and sucral- 
fate, bismuth from CBS may bind to the ulcer bed. 693 - 694 
An abundance of macrophages surrounded the ulcer base 
in CBS-treated rats but not in the control group 693 ; 
recruitment of macrophages could promote healing. CBS 
may also increase mucosal prostaglandin production 695 
and mucosal bicarbonate secretion. Bismuth has not yet 
been reported to stimulate angiogenesis or to bind growth 
factors, but this parallel with the other heavy metals of 
ulcer therapy would not be surprising. Interestingly, BSS 
may not share the antiulcer properties of CBS, although 
data are limited. 690 - 696 Heavy metals frequently exhibit 
antimicrobial activity, and the most dramatic action of 
bismuth, including both BSS and CBS, is the suppression 
of H. pylori 690 as considered subsequently (see Heli- 
cobacter pylori and Ulcer Therapy). The contributions to 
ulcer healing from thesfe various effects of bismuth remain 
to be sorted out. A comparison of the effects of bismuth 
and combinations of antibiotics that also eradicate H. 
pylori in the absence of bismuth may help elucidate the 
antibacterial versus direct ulcer-healing properties of bis- 
muth. 

Adverse Effects. The primary concern with bismuth 
compounds is bismuth absorption resulting in bismuth 
intoxication, which was a cliffical problem particularly 
when bismuth subgallate was used for prolonged periods 
at high dose. Bismuth absorption varies with the specific 
form of bismuth; absorption is much greater with CBS 
than with BSS or bismuth subnitrate. 697 - 699 Furthermore, 
co-administration of H 2 blockers increases bismuth ab- 
sorption from CBS but apparently not from BSS or 
bismuth subnitrate. 6968 At the end of six weeks of thera- 
peutic doses of CBS, serum bismuth concentrations are 
elevated. 690 - 700 An occasional patient will have serum 
bismuth levels approaching the pretoxic range of 50 
ng/ml. 700 However, a recent study indicated that following 
a single dose of CBS, peak plasma concentrations of 100 
ng/ml were reached in 9 of 16 subjects. 699 Despite these 
surprising transient increases in plasma bismuth concen- 
trations, significant toxicity has not been reported in 
clinical trials or with intermittent use of CBS or BSS. 690 - 700 
A body burden of bismuth does accumulate, and urine 
bismuth levels are somewhat elevated for up to three 
months after termination of an ulcer treatment regimen. 701 
In light of the absorption of bismuth from CBS, this 
agent is indicated only for intermittent therapy. Further 
studies are indicated with BSS and bismuth subnitrate. 
Since renal failure interferes with bismuth excretion, 
bismuth should be avoided or, if patients with renal failure 
are treated with bismuth, serum bismuth levels moni- 
tored. 

Prostaglandins. Prostaglandins, particularly of the 
E and I group, inhibit acid secretion by selectively reduc- 
ing the ability of the parietal cell to generate cyclic AMP 
in response to histamine. Prostaglandin receptors act via 
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,„ inhihitorv GTP (guanosine triphosphate)-binding pro- 
S t SSase to produce this effect - Pros- 
uolandins also enhance mucosal defense mechanisms (see 
PaCphvsiology of NSAID Ulcers). When these two 
acS were recognized, enthusiasm was generated over 

he posSbility that therapy with prostaglandins would 
dramatically heal and prevent ordinary peptic ulcers an 
effect hat has not materialized (see Secretory Inhibition 

nd Duodenal Ulcer Healing: Prostaglandins). Naturally 
occurring prostaglandins are unstable, being metabolized 
Srily by oxidation at the 15 position on the eight- 
carbon side chain.''''*Therefore. analogs were synthesized 
Sh modified structure on this side chain to prov.de 

*l££tf$£3 is a 

methyl analog of prostaglandin E„ Misoprosto shares 
p opertie! of other E analog type prostaglandms, 
dispSg moderate inhibition of basal and food-stimu- 
fa ted add secretion in humans.- - Enprost.1 is a 15- 
££vHrn analog of PGE, with a higher potency and 
Son of ant secretory action™ 703 Topical action ap- 
nea? crucial in prostaglandin action; oral administration 
ofves greater antisecretory efficacy and fewer side effects 
Tan does systemic administration.™' In addition to .nh.b- 
Sng acid secretion, these 

mucosal resistance to injury in animal models. ai 
Sough structurally related, there are subtle differences 
Tthe actions of these.prostano.ds on gastric function 
such as the ability of high concentrations of PGE, and 
Sorostol, but not enprostil, to stimulate adenylate 
These differences suggest the possibility that 
Se e prostaglandins will have actions that differ from 
endogenous prostanoids. The prostanoids that have 
undergone clinical study for peptic diseases include mis- 
™, enprostil, rioprostil, and arbaprostil; only mis- 
Tro so' hasCn approved for.use in the United States 
for prevention of NSAID-induced gastric ulcer. 

Adverse Effects. The most frequent side effects of the 
p tvne orostanoids are crampy abdominal pain and diar- 
fhea P wS are dose-dependent effects.- - Diarrhea 
occurred i 3 to 39 per cent of patients on the 200 ^ 
oTd dose of misoprostol, with the range reflecting the 
SefmitSi and The Lde of data collecting.^ Ml as 
been hypothesized that subjects consuming NSAIDs have 
an "ncreased sensitivity to the diarrhegenic effect. Diar- 
Sea is often mild and transient, and may respond to a 
emporary reduction in dose. In clinical trials usually less 
hTn 5 per cent of the subjects drop out because of 
diarrhea However, in clinical practice these side effects 
interfere with compliance in a larger portion of patients^ 
The diarrhea is less with the 100-ng q.i-d dose and 
initiatine therapy with this lower dose will reduce prob- 
es with diarrhea. Administration with meals and avoid- 
ance of magnesium antacids also reduce diarrhea. 

Prostaglandins of the E group are generally utero- 
tropic misoprostol (400 ^g) was given to 35 pregnant 
women the night before they were to undergo e ectrve 
Tbortion; this dose induced bleeding or cramps m 10 per 
cent l of these women. 70 ' Misoprostol is dearly contrain- 
dicated in women of childbearing potential not on contra- 
ception All patients should be informed of this risk, to 
m?n mize the possibility that the drug could be inadver- 
tent™ given by the patient to a pregnant woman. 



Other Modalities. Two other modalities that have 
some efficacy in treatment of peptic disease will be 
considered only briefly because side effects preclude use 
in the era when numerous safe therapies are available. 
The tricyclic antidepressants doxepin and trimipramine 
have some efficacy healing duodenal ulcers.™ It is un- 
known whether these agents have actions other than 
modest inhibition of acid secretion, which probably re- 
flects interaction at histamine H 3 and/or cholinergic re- 
ceptors. These agents cause cardiac arrhythmias and 
several other side effects. 

Carbenoxolone, a licorice extract, also has efficacy in 
healing peptic ulcers 70 '- 7 " but causes fluid retention, 
congestive heart failure, hypokalemia, and hypertension. 
Despite numerous theories and a few studies, the mech- 
anism of action remains unknown; this agent does not 
alter gastric add or pepsin secretion. 

Drug Interactions 

Absorption. As a result of intraluminal binding, ant- 
acids and sucralfate decrease absorption of a number of 
drugs (see Table 30-6). 712 713 It is best to advise separation 
of consumption of antacids and other drugs by an hour. 
Bismuth may have the same effect; studies are limited. 700 
Antisecretory agents, by increasing intraluminal pH, can 
alter absorption. The effect of antisecretory agents on 
absorption of vitamin B 12 can be quite dramatic. 714 •'" The 
effect appears to be mediated by the increase in pH rather 
than inhibition of intrinsic factor secretion.* 02 The absorp- 
tion of iron and calcium can also be compromised. These 
effects are more evident with sustained inhibition of ack 
secretion rather than with inhibition of only nocturna. 
secretion. Altered B„, iron, or calcium absorption would 
become an important consideration only if marked add 
inhibition were sustained for a prolonged period of time. 

Dissolution of some drugs, particularly weak bases, is 
decreased with gastric neutralization. The consequences 
depend on the specific drug and its preparation; for 
example, decreased dissolution of ketoconazole, a weak 
base, significantly decreases absorption. 6 * 4 Alternatively, 
the absorption of bismuth from CBS is increased, presum- 
ably because decreased gastric addity increases free bis- 
muth concentrations. 532 Once a drug is solubilized in 
gastric juice, the absorption of drugs that are weak acids 
from the stomach may be decreased, whereas absorption 
of weak bases may be increased. However, gastric ab- 
sorption is usually modest compared with intestinal ab- 
sorption. A beneficial drug interaction occurs when acid 
secretory inhibitors decrease the absorption of weak acids 
such as aspirin, thereby reducing concentration within 
and damage to the gastric mucosa. 

Drug Interactions via Cytochrome P 4S0 . Cimetidine, 
omeprazole, and to a lesser extent ranitidine inhibit 
members of the cytochrome P 4S0 superfamily of mixed 
function oxidases, thereby interfering with certain com- 
pounds metabolized by these (phase I) reactions. Several 
features of P 450 metabolism are important with respect to 
the antiulcer drugs 602 : (1) The effects are time-dependent, 
and generally three to five days are needed to rea" - 
maximal inhibition of drug metabolism. (2) The effec 
are dependent on dose of drug and the time of the dosing. 
For example, a night-time dose of cimetidine has less 
effect on metabolism of R-warfarin than does a split-dose 
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[57] ABSTRACT 

Pharmaceutical medications and methods arc disclosed 
for providing instant and sustained relief from pain or 
symptoms associated with episodic heartburn in hu- 
mans. The medications consist essentially of antacids 
and histamine ty-receptor antagonists, and may be 
administered on an as-needed basis in liquid or solid 
dosage forms. Typical antacids which may be used in 
combination with the histamine ^-receptor antagonist 
are conventional antacids which are well known and 
widely used in the treatment of excess acid related gas- 
trointestinal dysfunctions. Exemplary of typical ant- 
acids include, sodium bicarbonate, calcium carbonate, 
magnesium hydroxide and aluminum hydroxide, as well 
as commercially available high potency, flavored ant- 
acids. Histamine H 2 -receptor antagonists which may be 
used in combination include those conventionally used 
in the treatment of peptic ulcers, such as, for example, 
cimetidine, ranitidine, famotidine and nizatidine. In 
carrying out the methods, an antacid and histamine 
H 2 -receptor antagonist may be administered together as 
a single unitary dose in the form of a liquid or solid, or 
administered together, but separately as either liquids or 
solids or a combination thereof. The oral medications 
when formulated as a single unitary dose may include 
other additives, such as, for example, antiflatulents, 
flavorings, sweeteners and the like. 
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METHODS AND PHARMACEUTICAI k" -w d " C ° l 2? n 8nd/ ° r $ym P ,om$ by episodic 

COMPOSmONSFORTOEAnSEPKODIC hear,burn j The present invention is based upon the 
hSjOTORN EPIS0DIC «"«pected realization that antacids and histamine H 2 - 

receptor antagonists can be effectively administered 
FIELD OF THE INVENTION t0 £" h 5 r or substantially together to achieve continuous 

Tk ~ re,ler from P a,n > discomfort and/or symptoms associ- 

tJ^Th ZZT r eIat " ,0 .g"™"*"**! com- «ed with episodic heartburn, notwithstanding current 
SS St 1 ?' f °I pr ° V i d,ng ,mmedia, « «"d medical '"things against the simultaneous admmCtra- 
susuined relief from pain, discomfort and/or symptoms tion of antacids and histamine Hvreceotor ant*Jor,i«f< 
assoctated wnh ep.sodic heartburn in human, 10 The novel pharmaceutical SS&TSSS 

BACKGROUND mvention are formulated so that they can be adminis- 

Episodic heartburn is defined as uJ Ktio*^tam 2^ ^ ?° Pr ^ m U,VCnti ° n ° n a Rented 

ing under the sternum {JM^^^y^ ^ hcdule * c ? c * iv * rclief ' the medica- 
ated with the ingestion of SK? ft? USE 

heartburn has also been referred to as "sour f / , r by ^ " hCnCVCr nccdcd ' that 
"indigestion," and "waterbrash/regurgitation A j. 20 * Vjf onsct ° f P«n. discomfort or symptoms, or 
though difTerent foods, such as coffee mints faVtv whc " cv T cr ^.discomfort or symptoms are expert- 
foods, alcohol, and chocolate, are usually implicated in accordancc with thc Present invention, this is 
the etiology of episodic heartburn, these symptoms can u^K acc ° m P hshcd b V oralI V ingesting together or at 
be caused by any type of food in certain people. More- bas "* n y the same time, an effective amount of an ant- 
over, in many people, there is no inciting agent that can 25 r -J* * I 2- rcce P tor antagonist whenever an attack 
be identified, rather the disorder occurs without any ° r «P lsod,c heartburn has surfaced, 
known provocation. , above features and advantages of the present 
At present, the primary treatment is based upon the invcmion will be better understood with reference to 
neutralization of gastric acid and pepsin with antacids, following Detailed Description and Examples 
such as, for example, aluminum hydroxides, calcium 30 wn,ch arc Mustrative of the present invention, 
carbonates magnesium hydroxides and sodium bicar- DETAILED DESCRIPTinw hp rut 
bonates. Of less importance, treatment is based upon the SnT ™ E 
inhibition of secretion by histamine H 2 -receptor antago- tN 1 1UN 
nists, such as cimetidine and ranitidine. Bv w ay of illustrating and providing a more complete 
Unfortunately, both of these treatments have proven 35 appreciation of the present invention and many of the 
to be inadequate. The problem with antacids is that they intendant advantages thereof, the following Detailed 
provide only transient relief. This disadvantage is em- Description is given concerning the novel pharmaceuti- 
phasized in many people at night where symptomatic °a] medications and methods for providing people suf- 
rehef is not provided. The problem with histamine H 2 - fcrin 8 froy n episodic heartburn with instant and sus- 
receptor antagonists is that relief is typically not experi- 40 u ined relief. 
^ enced until about forty minutes to about two hours after As set forth in the Background, by the term "episodic 
the medication is ingested. Moreover, the simultaneous heartburn,"* is meant herein to refer to the sensation of 
administration of antacids and histamine H 2 -receptor burning under the sternum (breastbone) usually but not 
antagonists have been discouraged based upon studies necessarily, associated with the ingestion of difTerent 
demonstrating that antacids decrease absorption and 45 foods. Also included in this definition of "episodic 
subsequent blood levels of histamine H 2 -receptor antag- heartburn" is sour stomach, indigestion and waterbrash- 
omsts, such as cimetidine and ranitidine. See, for exam- /regurgitation. 

?} ^ tClnb T£ W : Ct N ' Eng! ' 1 Med ' 307:4O(MO4 B V the term "histamine H 2 -receptor anueonistfs) " it 

S S M S h d ; V BK 286:1358 " t0 hc ™ ta * se'nse^rmS to 

• \ , of gastric acid by binding to a specific histamine recep- 

J^SFT i r ' I v V"?" 1 f ° r a trcatmcnt which tor on the (acid-secreting) cell membrane lo- 

om efTecUvely provide both instant and sustained relief cated in the stomach. Exemplary of histamine HvreceD- 

SSSmX wf„7 yffiPt0m$ MOdated wWl t0f ^ U *?!» sts contemplated by the present invention 
episodic heartburn in humans. 53 *re cimetidine, ranitidine, nizatidine and famotidine. 

SUMMARY OF THE INVENTION ? y ^ c tenn "aJitacid(s)," it too is used broadly herein 

..... and refers to those agents which can block Kastric acid 

com J f^lfaJK JT Venti0n - * lle , V L MeS " ,d ° Ver - Md/W Me «*• ^ neutralizauon. SSXSSi *! 
^S",^ «bove-mentioncd drawbw*, and proteolytic activity of pepsin. Antacids which may be 

«S »iw ^ *f*y«? r of novel P h »™»- « ™* « combination with the histamine Hj-receptor 

f. ff« fl^^Lvu * u$ " me< L rel,ef „ to P«>Ple who antacids which are well known and widely used in the 

SSmS^ mS?™' °T?" y ^Peak !^ g • UM,D,em of 8 V4riet y of Mce * «cid.rela«ed gaSototS 

SS? of «h I . U ' ClUde u " efreCUVe ti0Ml O^^netions including acid indigesUon, heart- 

an^ b,$U , nUne " l : r f ce P. ,or 65 bu ">. »»' "omach and ulcers. Typical anucidsTon- 

Ugomst. and the methods involve admmistering to- templated by the present invention include for «.m 

gether or subsunfally together an anUcid and a hisu- ple.aluminum hydS cS cTrbon.i« «SE 

m,ne H 2 -receptor anugomst at or after the ons« of sium hydroxides" sodium bicarbonato Tnd the 
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well as those antacids that are commercially available. immediate, temporary and sustained relief obtained is 

In accordance with the present inventions, the antacids constant and uninterrupted. For example, the active 

may be used in dosage amounts conventionally used for ingredients may be taken together or within a few sec- 

treatment of a variety of excess acid-related gastrointes- onds to a few minutes of one another. Nevertheless, it is 

tional dysfunctions, as discussed above. 5 preferable to ingest a single unitary dose which includes 

By the terms 'immediate, temporary and sustained both active ingredients and is in liquid form, 
relief/* they too are used in a broad sense herein. More Typical dosages include about 30 mis or 2 table-' 
particularly, the term "immediate relief* means that spoons of a high-potency antacid having an acid-neu- 
relief obtained from pain, discomfort and/or symptoms tralizing capacity equal to the present formulations of, 
associated with episodic heartburn which occurs within 10 for example, Maalox Plus®, Mylanta-II®. With re- 
about 5-10 minutes following ingestion of the active spect to the histamine Hyreceptor antagonist, the 
ingredients or an antacid. "Temporary relief* on the amount included in the single dosages is believed to be 
other hand refers to relief from pain, discomfort and/or about 200 mg to about 300 mg of cimetidine or about 
symptoms associated with episodic heartburn which 100 mg to about ISO mg of ranitidine. For example, a 
lasts in duration on the order of between about 30 min- IS typical dosage amount for providing immediate and 
utes and 90 minutes after ingestion of the active ingredi- sustained relief from episodic heartburn in an adult is 
ents or an antacid. With respect to "sustained relief," it about 30 mis of a high potency flavored antacid or the 
refers to relief obtained from pain, discomfort and/or equivalent thereof and about 200 mg to about 300 mg of 
symptoms associated with episodic heartburn which cimetidine or 100 mg to about ISO mg of ranitidine 
lasts in duration for over about 4-6 hours following 20 administered between about one and about four times 
ingestion of the active ingredients or the histamine H2- per day. Notwithstanding, it should be appreciated that 
receptor antagonists. It should therefore be appreciated the oral medications of the instant invention are to be 
that by the term "immediate and sustained relief,* 1 it taken on an as-needed basis whenever pain or symptoms 
means herein immediate, temporary and sustained relief associated with episodic heartburn is experienced, 
which starts within about 5-10 minutes following inges- 25 Antiflatulents may also be used in combination with 
tion of the active ingredients and continues and remains the antacids and histamine Hi-receptor antagonists in 
constant for at least about 4*6 hours after ingestion of the present invention and include those antiflatulents 
the active ingredients; the actual ingredients being an which are conventionally used in the treatment of gas- 
antacid and a histamine H2-receptor antagonist. tromtestinal dysfunction, such as, for example, simethi- 

The pharmaceutical medications of the instant inven- 30 cone. Antiflatulents may be used in the present inven- 
tion can be conveniently prepared from, for example, tion in dosage amounts conventionally used in the treat- 
commercially available antacids and histamine H2- ment of gastrointestinal dysfunction, 
receptor antagonists and may be formulated into liquid The pharmaceutical compositions may be in a form 
or solid dosage forms or combinations thereof. For suitable for oral use, for example, as tablets, lozenges, 
example, the pharmaceutical medications may be taken 35 aqueous or oily suspensions, dispersible powders or 
as a single unitary dose containing both the antacid and granules, emulsions, hard or soft capsules, syrups or 
the histamine Hj-receptor antagonist in a liquid or solid elixirs. Compositions intended for oral use may be pre- 
dosage form. Likewise, the present invention contem- pared according to any method known to the art for the 
plates taking the ingredients substantially together, but manufacturer of pharmaceutical compositions and such 
separately in the same or different dosage forms, such as 40 compositions may contain one or more agents such as, 
talcing the antacid as a liquid dose and the histamine for example, sweetening agents, flavoring agents, color- 
H2-receptor antagonist as a solid dose or vice versa, or ing agents and the like, in order to provide a phanna- 
taking them both separately as either solid or liquid ceutically elegant and palatable preparation. Tablets 
doses. contain the active ingredient in admixture with non- 

When taking the active ingredients substantially to- 45 toxic pharmaceutical^ acceptable excipients which are 
gether, but separately in same or different dosage forms, suitable for manufacture of tablets. These excipients 
the order in which they are ingested is not critical. In may be, inert diluents, for example, calcium carbonate, 
other words, the antacid and the histamine H^receptor sodium carbonate, lactose, calcium phosphate or so- 
antagonist may be ingested simultaneously, or the ant- dium phosphate; granulating and disintegrating agents, 
acid may be ingested first followed by the histamine 50 for example, maize starch, or alginic acid; binding 
preceptor antagonist, or the preceptor antagonist agents, for example, starch, gelatine or acacia, and lubri- 
may be first ingested followed by the antacid. It is pref- eating agents, for example, magnesium stearate or stea- 
erable, however, to formulate the antacids and the hista- ric acid. The tablets may be uncoated or they may be 
mine Hrreceptor antagonists into single liquid mixtures coated by known techniques to delay disintegration and 
which can be co-ingested as single unitary dosages on 55 absorption in the gastrointestinal tract and thereby pro- 
as as-needed basis, i.e., at or after the onset of pain, vide an even longer sustained action over a period of 
discomfort and/or symptoms associated with episodic time. 

heartburn. When commercially available antacids are Formulations for oral use may also be presented as 

selected for use in accordance with the present inven- hard gelatin capsules wherein the active ingredient is 

tion, such as Maalox-Plus <g), Mylanta ®, Turns ®, 60 mixed with an inert solid diluent, for example, calcium 

Oelusil ®, etc., it is preferable to use the high potency, carbonate, calcium phosphate or kaolin, or as soft gela- 

flavored (mint, cherry, lemon, etc.) liquid antacids, such tin capsules wherein the active ingredient is mixed with 

as, for example, Maalox-Plus ® and Mylanta-II (g). a suitable oil medium, for example, arachis oil, liquid 

By the term "substantially together,** it is meant paraffin or olive oil. 

herein that when the active ingredients, i.e., an antacid 65 Aqueous suspensions contain the active ingredients in 

and a histamine Jb-receptor antagonist, are taken in admixture with excipients suitable for the manufacture 
separate dosage forms, they can be consumed either of aqueous suspensions. Such excipients may be suitable 

simultaneously or within a period of time such that the suspending agents, for example, sodium carboxymethyl 
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tragacanth and gum fcaci* l*"*? •mmedute, but only temporary, relief, and that 

ma? be any sJLZ natu^To^TSS heanbuT.S^ ^ ^ he ""■ ttd ^ of 
for example, lecithin, or condensation JroduTof al 5 S t "T^ H ° Wever ' when he Used 

alkylene oxide with fatty acids, for exam^^yW £S.2i?ft r ' T"^ "T"" 16 - ^PO™* »« 
ethylene stearate, or condensation produce ofSylSe fr ° m hMrtbura k 110 ™* m « estion - 

oxide with long chain aliphatic alcohols, for example, EXAMPLE III 

heptadecaethyleneoxycetanol, or condensation prod- a « „ , , . 

ucts of ethylene oxide whh partial esters derived from to i .• 3 * ye8 i. 0,d 6**"*** wath episodic heartburn 
fatty acids and a hexhol, for example, polyoxyethylene !$T*, * discmion w with 30 mis 

sorbitol monnoleate. or condensation pVjuciofl E JJSft* 1 " ® 150 m « <>f ramtidine (ublet). 

ene oxide with partial esters derived from fatty acids -.v He ' c P orted that «ymptom relief was superior 
and heritol and anhydrides, for example, polyoxve- with a combination, when compared to using eachtndi- 
thelyne sobirtan monooleate. The aqueous suspensions 15 u f gc ?i al ° ne - J* 0 ™ pwticularly, he reported that 
may also contain one or more suitable preservatives, for W , . M>4l ox-Plus ® was used alone, he obtained 
example, ethyl, or n-propyl. p-hydroxy benxoate. one or ?■ y ^^"^ within about 10 minutes after inges- 
more suitable coloring agents, one or more suitable no ^ wh ich lasted only about 30 minutes, and that when 
flavoring agents and one or more suitable sweetening ^j™* was used alone, he reported complete relief 
agents, such as sucrose, saccharin, or sodium or calcium 20 gan "PProwmately about 60 minutes after inges- 
cyclamate. tion and lasted about 8 hours. However, when he used 

Dispersing powders and granules suitable for prepa- , ^ em fa combination, he reported partial relief within 
ration of an aqueous suspension by the addition of water 10 Runu, « s < but complete relief within about 45 

provide the active ingredient in admixture with a dis- mMUtes ' ^ting "bout 8 hours after ingestion, 
persing or wetting agent, suspending agent and on or 25 pyampt p tv 

more preservatives. Suitable dispersing or wetting caamixe re- 

agents and suspending agents may be exemplified by A 21 - vear old diagnosed with episodic heartburn 
those already mentioned above. Additional suitable ^ting to dietary indiscretion was treated with 
exmptems, for example, sweetening, flavoring and col- Tums ® tablets. 150 mg of ranitidine (tablet), or both 
onng agents, may also be present 30 He reported that symptom relief Was superior with a 

Syrups and elixirs may be formulated with suitable combination, when compared to using each individual 
sweetening agents, for example, glycerol, sorbitol, or ** ent d™*- More particularly, he reported that when 
sucrose. Such formulations may also contain suitable the Tums ® were used alone, he obtained relief within 
demulcents, preservatives and flavoring and coloring ««»« five minutes after ingestion, for about one hour 
* 8 i , . ... 35 Md that when ranitidine was used alone, he reported 

In order to further illustrate the present invention and complete relief after 45 minutes, which lasted indefi- 
the advantages thereof, the following specific Examples "itely. However, when he used them in combination, he 
are given, it being understood that these Examples are reported immediate, temporary and sustained relief 
intended only to be illustrations without serving as a following ingestion, 
limitation on the scope of the present invention. 40 

EXAMPLE 1 A „ ,. E * AMPLEV 

a« u ..,^«. j. . ... . A 31- year old man diagnosed with episodic heartburn 

A 4S-year old man diagnosed with episodic heartburn relating to dietary indiscretion was treated with 30 mis 

rdating to dietary indiscretion was treated with a bista- of Mylanta II ® (liquid), 400 mg of cimetidine (tablet) 

mine ^-receptor antegonist He reported that, while 45 or both. He reported that sympfom reueTwT superior 

S!^7 10 ' «t.gon«« produced symp- with a combination, when S^T^JT££ 

Zr ^ ^l Jr " pcncnce reKef m * Mme time vidua! agent alone. More particularly, he reported timt 

after he ingested the medication. when the Mylanta II ® wuused alone, he hadrSef^f 

ft^T^fST^,^^^ 0fdn ^ heartbum.within M mm^vTg^^^toi 

^» £"*§ or both - He » when cimetidine was used done, he reWed oomptete 

reported that the Maalox-Plus ® produced symptom- and sustained relief after 30^LutSowm«in««^ 

Z.£F££ h\' , ., ieC ^l^f r n ?*™y *« However, when he^SSSonfte 

, ^ .u [" Ht L 1,80 "Ported that the cimetidine reported immediate, temporary and «iw 

relieved tire heartburn, but only after about 45 to 60 following mgestioT ,OTp0my "* wsUmed 
mmutes. He reported, however, that the combination of 55 

both Maalox-Plus ® and cimetidine produced immedi- EXAMPLE VI 

ate (within 5 minutes) as well as temporary and .us- A 50-year old woman diagnosed with episodic heart- 

^^■ ef ;"f tother reported that there was no burn relating to dietary inZSC wK 

*™co wnen ooui were tata together. 60 (ublet), or both. She reported that symptom relief was 

EXAMPLE II superior with a combination, when compared to using 

,„i,°„ r r ^°,r f u"L^ ? that symptom relief was reported complete and sustained rehefTtitiT 30-40 
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plete sustained relief within 30 minutes following inges- 
tion. 
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30 



EXAMPLE VII 

A 32-year old man with alleged episodic heartburn 
related to dietary indiscretion was treated with 30 mis 
of Mylanta II ® (liquid), 400 mg of ciroetidine (tablet), 
or both. He reported no relief of symptoms with any of 
the regimens examined. Upon further questioning of the 
man and diagnosis, it was determined that his symptoms 
were actually associated with abdominal bloating and 
flatulence, not episodic heartburn. 

The present invention may, of course, be carried out 
in other specific ways than those herein set forth with- 15 
out departing from the spirit and essential characteris- 
tics of the invention. The present embodiments are, 
therefore, to be considered in all respects as illustrative 
and not restrictive and any changes coming within the 
meaning and equivalency range of the appended claims 20 
are to be embraced therein. 

Having described my invention, I claim: 

1. A method of providing immediate and sustained 
relief from pain, discomfort and/or symptoms associ- 
ated with episodic heartburn in a human, said method 25 
comprising: 

orally administering to a human together or substan- 
tially together an antacid in an amount effective to 
substantially neutralize gastric acid and a histamine 
H2*receptor antagonist in an amount effective to 
substantially inhibit or block gastric acid secretion 
for providing the human with immediate and sus- 
tained relief from pain, discomfort and/or symp- 
toms associated with episodic heartburn, the imme- 35 
diate and sustained relief provided lasting longer in 
duration than when the human is orally treated 
with only the antacid and the immediate and sus- 
tained relief provided being faster than and lasting 
at least about as long in duration as when the 40 
human is orally treated with only the histamine 
H2*receptor antagonist. 

2. A method of claim 1, the histamine ^-receptor 
antagonist being cimetidine. 

3. A method of claim 1, the histamine ^-receptor 45 
antagonist being ranitidine. 

4. A method of claim 1, the histamine Hi-receptor 
antagonist being selected from a group consisting of 
famotidine and nizatidine. 

5. A method of claim 1, the antacid being selected 
from a group consisting of aluminum hydroxide, cal- 
cium carbonate, magnesium hydroxide, sodium bicar- 
bonate and matures thereof. 

6. A method of claim 1, the antacid being a high 
potency antacid. 

7. A method of claim 1, the antacid being a flavored 
antacid. 

8. A method of claim 2, the cimetidine being adminis 



11. A method of claim 10, the antiflatulent being 
simethicone. 

12. A method of claim 1, the antacid and the hista- 
mine Hj-receptor antagonist being administered in a 
dosage form selected from a group consisting of liquid 
and solid dosage forms and mixtures thereof 

13. An oral pharmaceutical medication for providing 
immediate and sustained relief from pain, discomfort 
and/or symptoms associated with episodic heartburn in 
a human, said oral pharmaceutical medication consist- 
ing essentially of: 

an antacid in an. amount effective to substantially 

neutralize gastric acid; 
a histamine Ha-receptor antagonist in an amount ef- 
fective to substantially inhibit or block gastric acid 
secretion; and 
a phannaceutically acceptable carrier, 
said oral pharmaceutical medication providing imme- 
diate and sustained relief from pain, discomfort 
and/or symptoms associated with episodic heart- 
burn in the human, said immediate and sustained 
relief lasting longer in duration than when the 
human is orally treated with only the antacid and 
being faster than and lasting at least about as long in 
duration as when the human is orally treated with 
only the histamine Hj-reccptor antagonist. 

14. A pharmaceutical medication of claim 13, said 
oral pharmaceutical medication being in a liquid dosage 
form. 

15. A pharmaceutical medication of claim 13, said 
oral pharmaceutical medication being in a solid dosage 
form. 

16. A pharmaceutical medication of claim 13, said 
histamine Hi-receptor antagonist being cimetidine. 

17. A pharmaceutical medication of claim 16, said 
cimetidine being present in an amount of between about 
200 mg and about 300 mg. 

18. A pharmaceutical medication of claim 13, said 
histamine ^-receptor antagonist being ranitidine. 

19. A pharmaceutical medication of claim 18, said 
ranitidine being present in an amount of between about 
100 mg and about 150 mg. 

20. A pharmaceutical medication of claim 13, said 
histamine H*-receptor antagonist being selected from a 
group consisting of famotidine and nizatidine. 

21. A pharmaceutical medication of claim 13, said 
antacid being selected from a group consisting of alumi- 
num hydroxide, calcium carbonate, magnesium hydrox- 
ide, sodium bicarbonate and mixtures thereof. 

22. A pharmaceutical medication of claim 13, said 
antacid being a flavored antacid. 

23. A pharmaceutical medication of claim 13, said 
antacid being a high potency antacid. 

24. A pharmaceutical medication of claim 13, said 
55 oral medication further including an effective amount of 

an antiflatulent 

25. A pharmaceutical medication of claim 24, said 



50 



antiflatulent being simethicone. 
26. A pharmaceutical medication of claim 13, said 
tered in a daily dosage amount of between about 200 mg antacid being aluminum hydroxide and magnesium hy- 
and about 1200 mg. droxide, and said histamine Hj-receptor antagonist 

9. A method of claim 3, the ranitidine being adminis- being cimetidine. 

tered in a daily dosage amount of between about 100 mg 27. A pharmaceutical medication of claim 13, said 
and about 450 mg. antacid being aluminum hydroxide and magnesium hy- 

10. A method of claim 1, said method including the 65 droxide, and said histamine H^-receptor antagonist 
further step of administering an effective gas inhibiting being ranitidine. 

amount of an antiflatulent. • • • • • 
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Abstract 

Objective. Prompt and long-standing acid control following once-daily administration of antisecretory drugs is desirable 
The objective of this study was to determine whether co-administration of a well-characterized H 2 -receptor antagonist 
famondine, can be combined with the proton-pump inhibitor omeprazole. Material and methods. Intragastric 24-h pH- 
metry was performed m healthy, Helicobacter pylori -negative volunteers on day 1 and after 8 days of daily administration of 
20 mg omeprazole, 10 mg famotidine, or a combination of these in a three-way crossover design. Results. A combination of 
famondine and omeprazole raised the gastric pH level to > 4 in less than 1 h. The percentage of daytime with pH >4 on day 
1 was significantly higher with the combination of omeprazole and famotidine (median: 37%) than that with omeprazole 
alone (22%; p <0.05). On day 8, daytime intragastric pH >4 following treatment with omeprazole (median- 55%) or a 
combination of omeprazole and famotidine (61%) was superior (p<0.05) to that with famotidine (21%). On day 1 
treatment with both famondine and the combination (famotidine and omeprazole) showed a significantly shorter time to 
reach a pH of 4 (medians: 93 and 63 min, respectively) compared with treatment with omeprazole alone (173 min- 
p<0.05). Conclusions. Compared with treatment with omeprazole alone, on day 1 famotidine and omeprazole in 
combination improved the duration of and time to reach intragastric pH >4. With regard to duration with pH >4 the 
combination therapy was superior to famotidine alone on day 8. The rapid acid control with an H 2 -receptor antagonist may 
be combined with the long-lasting antisecretory effect of a proton-pump inhibitor. 

Key Words: Antisecretory agents, gastric, hydrogen ions, pH, secretion, stomach 



Introduction 

Histamine-2 receptor antagonists (H 2 -RAs) were 
launched during the 1970s as a development of 
scientific research into pharmacological extrinsic 
regulation of the parietal cell [1], H 2 -RAs soon 
became clinically successful antisecretory agents 
but were succeeded by a new class of pharmaceu- 
ticals, the proton-pump inhibitors (PPIs) in the 
1980s. These agents specifically target the mem- 
brane-bound H + /K + -ATPase within the canaliculi 
of the parietal cell [1-3]. One important feature of 
all compounds belonging to the PPI class of phar- 
maceuticals (as most are substituted benzimidazoles) 
is that they are prodrugs, and need to be protonated 
in order to be able to bind to and immobilize the 
proton pump [2,4]. The canaliculus of the gastric 
parietal cell is one of few compartments of the body 
which is acidic enough to allow such protonarion and 



therefore the active metabolite of the PPI is created 
close to its site of action. PPIs have a proven ability 
to offer long-term control of stomach acid and 
thereby cause symptom relief and healing of gastro- 
esophageal lesions. However, owing to their me- 
chanisms of action, the onset is relatively slow, and it 
usually takes several days before the maximal acid 
inhibitory effect is achieved [3,5], In contrast, a 
single dose of an H 2 -RA results in significant 
inhibition of acid secretion within one to two hours 
of intake [6]. However, H 2 -RAs have a relatively 
short duration of action, and tolerance to the acid 
inhibitory effect gradually develops with continuous 
use [7]. The latter makes this class of drugs less 
effective for prolonged treatment.Patients with occa- 
sional symptoms of gastroesophageal reflux have 
been shown to have relief after intermittently admi- 
nistered therapy [8]. However, from the perspective 
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of rapid onset, maintained efficacy and once-daily 
dosage regimens, neither H 2 -ARs nor PPIs are 
optimal [2]. A tempting pharmacological approach 
would be to combine the rapid onset of action of a 
H 2 -RA with the more profound and long-lasting 
effect of a PPL However, on theoretical grounds, it 
has long been suggested that concomitant treatment 
with an H 2 -RA would prevent activation of the PPI 
because of an increase in canalicular pH [9]. This 
paradigm has been challenged in intragastric pH 
studies that show that the bedtime addition of a 
H 2 -RA during PPI treatment decreases nocturnal 
reductions in pH [10]. Furthermore, in a rando- 
mized, controlled trial of H 2 -RAs added to PPI 
therapy in patients with nocturnal heartburn, a 
beneficial effect was shown in the first few days of 
treatment, consistent with an additive effect of the 
H 2 -RA [11]. In all these studies the H 2 -RA was 
administered 10-12 h after the PPI dose. Our 
hypothesis was that simultaneous administration of 
H 2 -RA and PPI would result in a composite effect in 
terms of rapid onset of acid suppression attributable 
to the H 2 -RA without loss of efficacy of the PPI. The 
aim of our study was to test the effect on intragastric 
pH of a combination therapy with a well-character- 
ized H 2 -RA (famotidine) administered simulta- 
neously with a PPI (omeprazole). 

Material and methods 

Subjects 

Eight healthy, Helicobacter pylori -negative (as deter- 
mined by [ 13 C]-UBT (urea breath test)) [12] volun- 
teers (mean age: 24.8 years, range 21-27 years, 2 F) 
were enrolled in the study. All had a normal physical 
examination as well as normal hematological and 
biochemical profiles at baseline. The subjects had no 
clinically significant disease, as determined by med- 
ical history. During recruitment, subjects with diges- 
tive symptoms suggestive of reflux disease or 
dyspepsia, and/or a previous history of gastroesopha- 
geal reflux disease (GERD) or peptic ulcers were 
excluded. In addition, subjects were excluded if they 
were hypersensitive to a PPI or H 2 -RA, if they were 
taking acid-suppressing medications or a medication 
likely to interact with acid secretion in the previous 
month, or were deemed unlikely to comply with 
the trial medication or investigational procedures. 
During the study, no concomitant therapies were 
allowed, with the exception of paracetamol (acet- 
aminophen) and oral contraceptives. 

Study design 

The study was designed as a single-center, open, 
randomized, three-period crossover trial. Each treat- 



ment period was 8 days with 24-h intragastric pH- 
metry on day 1 and day 8. A washout period of at 
least 14 days was allowed between each treatment 
period. It follows that each subject was enrolled in 
the trial over approximately 12 weeks. During a 
treatment period, the subject ingested a 20 mg 
omeprazole capsule once daily, at 0900 h, (Losec; 
Astra-Zeneca AB, Sodertalje, Sweden), or a 10 mg 
famotidine tablet (Pepcid; Pfizer AB, Sollentuna, 
Sweden), or a combination of both. Eight subjects 
were randomized to one of the six different treat- 
ment sequences. Six subjects completed the proto- 
col. Smoking and alcoholic beverages were not 
allowed during treatment periods and food and 
drink intake was standardized during the 24-h pH- 
metry (see below). 

Treatment period procedures 

The subjects arrived at the laboratory at about 0730 
h having fasted overnight (i.e. no intake of food was 
allowed since 2400 h the previous day). A well- 
calibrated glass pH electrode (InMedical Gastroeso- 
phageal pH probe; Mettler-Toledo AG, Switzerland) 
was inserted (nasal route) into the gastric lumen and 
was positioned 10 cm below the esophagogastric 
junction. The latter was determined from the drop in 
pH observed during insertion, thus indicating the 
transition from esophagus into the gastric interior. 
Intraluminal pH was monitored over 24 h using a 
Medtronic Digitrapper pH (Medtronic A/S, Skov- 
lunde, Denmark). 

The pH-recordings started at 0830 h, with drug 
ingestion at 0900 h. Particular attention was paid to 
ensure that meals were identical in composition on 
each study day and ingested at fixed times. Before 
entering the study, each subject was allowed to 
choose between a limited number of dishes to be 
used during the subsequent study days. On each 
study day the individually standardized lunch (meat 
or fish course) was served at 1 200 h. The subjects 
had to stay within the laboratory until and during the 
lunch but were then allowed to leave the hospital for 
home. As far as possible, the activities of daily living 
were similar between the study days and the subjects 
were asked to avoid excessive exercise. Subjects were 
instructed to maintain an upright position (sitting or 
standing) during daytime (0830 h to 2300 h). 

The subjects ingested a snack (baguette) at 1600 h 
and had a standardized evening meal (pasta course) 
at 2000 h. Coffee or tea (standardized on an 
individual basis) was allowed along with the meals. 
During the 24-h pH-metry the subjects were allowed 
to drink standardized mineral water ad lib until 
2400 h. The subjects returned to the laboratory at 
0800 h the following morning for extubation at 




0830 h, after which a second dose of the investiga- 
tional compound was administered. 

Compliance monitoring 

After the first day, the subjects self-administered the 
investigational compound every morning for the 
next 6 days. Compliance with timing of medication 
ingestion was confirmed by means of camera cell- 
phones. Subjects sent pictures of themselves showing 
the investigational agent on the tongue to the 
investigator. The date and time were recorded by 
the cell-phone camera. Failure to deliver a picture 
before 1000 h resulted in a reminder call from the 
study nurse. The last dose was ingested in conjunc- 
tion with a second 24-h pH recording performed on 
day 8 (protocol as above). 

Data processing and statistical analysis 

At the end of pH monitoring, the experimental data 
were downloaded from the digital datalogger to a 
personal computer in accordance with the manufac- 
turer's instructions. The pH recordings were then 
analyzed using custom-made software developed at 
the laboratory and based on Labview (National 
Instruments, Austin, Tex., USA). The intragastric 
pH was recorded at 0.25 Hz and the median over I 
min was used in the statistical analyses. The time 
taken to reach an intragastric pH of >4 (sustained 
over at least 15 min) after drug intake was analyzed. 
The percentage of rime that the intragastric pH was 
above 4 was analyzed in relation to the morning 
period (from 0900 h to 1300 h), the daytime period 
(from 0900 h to 2300 h), the nocturnal period 
(2300 h to 06.00 h), as well as over the entire 24-h 
period (0830 h to 0830 h). Significant differences 
between groups of observations were analyzed using 
the Kruskal-Wallis test, and when identified, con- 
trasted with the Mann-Whitney U-test or the 
Wilcoxon signed-rank test. A p-value^0.05 was 
considered significant. The statistical analyses were 
performed using SPSS 1 1 for MacOSX (SPSS Inc., 
Chicago, 111, USA). 

Ethics 

The trials were conducted according to the princi- 
ples for experimentation with human beings as 
defined in the Declaration of Helsinki. The study 
protocol was approved by the Regional Ethics Re- 
view Board in Gothenburg and all subjects were 
informed about the trial and signed an informed 
consent form. 
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Results 

A total of 6 subjects completed the study (4 M, 2 F, 
mean age 24 years). 

The median intragastric pH recordings over time 
are shown in Figure 1 along with the time of meal 
ingestion. The time to reach a sustained intragastric 
pH above 4 after ingestion of antisecretory drugs is 
shown in Figure 2. 

On treatment day 1, both famotidine and the 
combination (famotidine and omeprazole) reached a 
pH of 4 (medians 92.5 and 62.5 min, respectively) in 
a significantly shorter time than treatment with 
omeprazole alone (172.5 min; p =0,041 and 0.002, 
respectively; Figure 2). On day 8 this difference had 
disappeared, as the time to reach pH >4 for ome- 
prazole alone had decreased (p<0.05) to a median 
value of 50 min, whereas the times for famotidine 
and the combination (famotidine and omeprazole) 
were not significantly different from the day 1 times 
(medians 82.5 and 55 min, respectively). 

During the day-time period on the first treatment 
day, the combination treatment (omeprazole and 
famotidine) was associated with a significantly 
greater percentage of time with pH >4 as compared 
to omeprazole alone (median values being 36.8% 
and 21.8%, respectively; Table I). This difference 
was particularly evident during the morning hours 
when median values were 67.1% and 27%, respec- 
tively (p > 0.05) (Table I). 

On day 8, no significant differences between 
treatments were observed during the morning hours 
(Table I), whilst daytime values for both omeprazole 
alone and the combination (omeprazole and famo- 
tidine) exhibited significandy longer durations of 
time with pH >4 (median values 54.8% and 61.3%, 
respectively) than that with famotidine alone (med- 
ian value 21.4%). 

Viewed over 24 h, no differences were found 
between treatments on day 1, whereas the percen- 
tages of time with pH >4 were significantly greater 
after treatment with either omeprazole or the com- 
bination of omeprazole and famotidine (medians 
43.6 and 46.7, respectively) than the percentage 
of time after treatment with famotidine (median 
value 16.9). 

As expected from the moderate doses of each drug 
given, the percentage time spent above pH 4 during 
the night was low on day 1, irrespective of treatment 
(group medians ranging between 1.7 and 3.7) 
(Table I), On day 8 the nocturnal values were higher 
after treatment with omeprazole as well as after 
the combination of omeprazole and famotidine 
(medians 13.5 and 17.1%, respectively), but in 
relation to day 1, these differences did not attain 
statistical significance. 
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Figure 1. Intragastric 24-h pH-metry on day 1 (upper panel) and day 8 {lower panel) of treatment periods with omeprazole 20 mg (Ome), or 
famotidine 10 mg (Famo), or a combination of both (Combi). Values are plotted as the median pH of all values obtained at that time-point 
(n=6). 



Discussion 

The ideal pharmacological agent for on-demand 
treatment of acid-related symptoms should combine 
a rapid onset of acid inhibition with a sustained 
effect on acid secretion. The need for rapid relief of 
symptoms is obvious but patients with intermittent 
symptoms tend to take medications for several days, 
suggesting that continued acid inhibition is impor- 
tant for symptom control [13]. Combining H 2 -RAs 
with PPIs is controversial on theoretical grounds but 
there is a paucity of published information demon- 
strating the effect of the combination on intragastric 
pH. It has been suggested that the efficacy of a PPI 
may be adversely affected by simultaneous and rapid 
inhibition of the acid-producing machinery with 
another agent. PPIs are weak bases and accumulate 
in the acidic compartments of the parietal cell where 
they are protonated to a sulfenamide form, which, in 
turn, reacts covalently with cysteine moities of the 
proton pump [2,4]. This reaction has recendy been 
shown to involve protonation in two steps, with one 
pKa around 4 and a second pKa estimated to be 
between 0.6 and 0.8 [4]; On theoretical grounds, an 
acid inhibitor, if its effects were profound enough, 
could alter the pH in the acid space, decreasing 
protonation of the PPI and reducing its efficacy [8]. 

The results of this study are novel because they 
indicate that acid inhibition with an H 2 -RA does not 
affect the antisecretory activity of omeprazole. This 



is probably because the effect of currently available 
drugs on canalicular pH is smaller than the effect on 
intragastric pH. This is why, when administered 
for long periods of time, potent PPIs retain their 
efficacy, because protonation in the canalicular space 
continues despite a reduction in the volume of 
gastric secretion and an increase in intragastric 
pH [2]. Consequently, clinically used doses of H 2 - 
RAs are also unlikely to affect canalicular pH 
because they are less potent inhibitors of acid 
secretion. This is supported by the present study, 
which did not detect any significant difference 
between the antisecretory effect after 8 days of 
treatment with omeprazole alone or in combination 
with famotidine. However, the absence of any 
difference should not be interpreted to mean that 
the two treatment regimens are of equal efficacy. 
Demonstration of therapeutic equivalence demands 
another study design and a larger study population; 
an investigation of this kind has yet to be under- 
taken. 

Tolerance to H 2 -RAs following continued admin- 
istration is a well-known phenomenon [7] . Tolerance 
to famotidine is reported to occur after 14 days of 
continuous administration and probably develops 
during the second week of administration [14]. This 
is supported by Furuta et al. who reported no 
tolerance during a 7-day treatment period using 
20 mg famotidine twice daily [15]. In the present 
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study we also did not find any significant loss of 
efficacy with famotidine after a week of administra- 
tion. However, it should be remembered that, 
compared with famotidine alone, the combination 
with omeprazole was superior with regard to daytime 
and 24-h duration of intragastric pH >4. 

Improving the speed of onset of currently available 
PPIs is an important target of new drug develop- 
ment, and a newly described class .of acid inhibitors 
(potassium-competitive acid blockers) offer signifi- 
cant advantages with speed of acid inhibition [16- 
18]. Clinical trials on these agents have, however, 
not shown clinical superiority, and hepatotoxicity 
has been a problem with at least one agent [19]. The 
clinical implications of a drug combination that 
combines the speed of an H 2 -RA and the sustained 
effect of a PPI are intuitive. Rapid relief of meal- 
induced heartburn would occur with the H 2 -recep- 
tor component and a more sustained effect on acid 
inhibition would occur from the PPI [20]. Such an 
agent could be useful with on-demand therapy. 
Another potential application is in individuals who 
have breakthrough symptoms on receiving PPI 
therapy. Rapid control of pH is also potentially 
useful in H. pylori treatment regimens. If the pH is 
raised early in combination treatment regimens, 
such as PPI triple therapy, the bioavailability of 
antibiotics may be increased by decreasing gastric 
volume and viscosity and other effects which could 
enhance eradication of H. pylori infection [21]. 
Further clinical trials are necessary to determine 
the effects of combination therapy on symptoms and 
on the speed of symptom response. 

In summary, the present investigation shows that a 
once-daily administration of the H 2 -RA famotidine 
combined with the PPI omeprazole results in a 

Tabic I. Percentage of lime with gastric pH above 4 on days 1 and 8 of treatment with omeprazole 20 mg (ome), or famotidine 10 mg 
(famo), or a combination of both treatments (combi) o.d. 
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Figure 2. Box-and- whiskers plot showing the time to reach a 
sustained (at least 1 5 min) pH above 4 following oral intake of 
omeprazole 20 mg, or famotidine 10 mg, or a combination of both 
(Ome + Famo). Median values are indicated as a transverse line 
within the box, the interquartile range as the vertical extent of the 
box and the total range as the whiskers (n=6). Significant 
differences are indicated by asterisks (*p <0.05; **p <0.01). 
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Morning 
Daytime 
Nocturnal 
24-h 


27 (24.8-31.6) 
21.8 (19.8-24.4 9 
3.7 (2.4-10.4) 
17.0 (15.5-23.7) 


54 (36.9-69.5) 
34.4 (22.7-50.9) 

2.9 (0.5-8.0) 
28.0 (19.2-33.6) 


67.1 (63.4-77)* 
36.8 (30.9-46.5)* 

1.7 (0.1-8.0) 
27.6 (22.3-31.0) 


Day 8 






Morning 
Daytime 
Nocturnal 
24-h 


77.7 (58.3-83.3) 

54.8 (53.9-58.5)" 

13.5 (7.7-20.1) 

43.6 (39.5-50.3)" 


48.3 (38.5-71.9) 

21.4 (18.7-28.5) 
2.4 (0.5-12.6) 

16.9 (14.2-27.9) 


78.1 (74.9-79.8) 
61.3 (60.9-62. 1)* 
17.1 (12.3-22.2) 
46.7 (43.4-50.2)'^ 



ncln eS u are £ V , £ n n . aS medianS (mter< > uaniles >- Morning: 0900 h to 1300 h; daytime: 0900 h to 2300 h; nocturnal: 2300 h to 0600 h: 24-h 
UoJU n to 0830 h. 

'P - 0.002 versus omeprazole alone; > <0.05 versus omeprazole alone; "p <0.05 versus famotidine; ®p <0.05 versus famotidine 
AH other comparisons - not significant. 
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prompt improvement of acid control in onset and 
efficacy as compared with either drug given alone. 
Further studies are needed to determine whether 
combination therapy offers advantages in the clinical 
setting. 
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SUMMARY 
Background 

H 2 -receptor antagonists are widely used with proton pump inhibitors. 
Aim 

To determine if H 2 -receptor antagonists used in conjunction with proton 
pump inhibitors were effective for nocturnal heartburn in patients 
taking proton pump inhibitors. 

Methods 

We evaluated 386 patients with erosive oesophagitis documented at 
endoscopy who were receiving single daily maintenance proton pump 
inhibitor therapy to determine if they had symptoms of nocturnal heart- 
burn. Patients with two or more episodes of night-time a week were 
invited to participate in the study. Patients were randomly assigned to a 
single dose of an over-the-counter preparation of ranitidine 75 mg at 
bedtime or matching placebo for 14 days. 

Results 

The prevalence of nocturnal symptoms was 10.6%. Mean symptom 
scores on the first day of the trial (baseline) were similar between the 
treatment group (1.1 ± 0.9) and the placebo group (1.1 ± 1.1). On day 
3, symptom scores were significantly lower in the ranitidine group 
(0.71 ± 0.69) compared with the control group (1.4 ± 1.2; P= 0.045). 
On day 14, mean symptom scores were similar in the ranitidine group 
(0.82 ± 0.95) and the control group (1 ± 0.84). 

Conclusions 

Nocturnal heartburn is uncommon on proton pump inhibitor therapy; 
the addition of ranitidine at bedtime resulted in a decrease in symptom 
scores on day 3 but there were no differences on day 14. 
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INTRODUCTION 

Night-time heartburn is a common symptom in 
untreated patients with reflux disease and has a signi- 
ficant impact on quality of life. Reflux during the noc- 
turnal period may also have significant consequences 
as protective mechanisms such as peristalsis are inhib- 
ited during sleep. Acid contact time may therefore be 
higher at night and the adverse consequences of noc- 
turnal reflux may be potentially greater. Recent studies 
that measure intragastric pH in individuals on once 
daily or twice daily therapy with proton pump inhibi- 
tors (PPI) have shown that there is a significant drop 
in intragastric pH at night in some subjects, despite 
PPI therapy. Intragastric pH studies have also demon- 
strated that the addition of a small dose of a hista- 
mines (H 2 )-receptor antagonist at bedtime can 
decrease or abolish the nocturnal drop in intragastric 
pH. There is little information, however, on the preval- 
ence of nocturnal heartburn in patients taking regular 
PPI therapy for gastro-oesophageal reflux disease 
(GERD) and no data on the effectiveness of ^-recep- 
tor antagonists in controlling nocturnal symptoms in 
this group of patients. We therefore performed a rand- 
omized placebo-controlled trial that evaluated the 
efficacy of bedtime H 2 -receptor antagonist therapy in 
the treatment of nocturnal heartburn in patients taking 
daily PPI therapy. 

METHODS 

We evaluated 386 patients with erosive oesophagitis 
documented at endoscopy who were receiving daily 
maintenance PPI therapy to determine if they had 
symptoms of nocturnal heartburn. Patients were iden- 
tified from a database and contacted to determine if 
they had nocturnal heartburn. Patients presenting for 
annual follow-up visits on maintenance therapy with 
PPIs were also interviewed and offered entry if eli- 
gible. All patients had received at least 8 weeks of the 
same dose of the PPI. All patients were taking a single 
daily dose of the PPI half an hour before breakfast 
daily. Patients with two or more episodes of night- 
time a week were invited to participate in the study. 

After written informed consent was obtained, the 
patients were randomly assigned to a single dose of an 
'OjQ^r-the-counter preparation of ranitidine tablets 
75 mg (Pfizer Consumer Healthcare, Morris Plains, NJ, 
USA) at bedtime or matching placebo for 14 days. 
Randomization was performed using a random number 



chart with concealed allocation using opaque enve- 
lopes so that neither the investigator nor the patient 
was aware of the medication they were receiving. 
Proton pump inhibitor therapy remained unchanged in 
timing and dose. Daytime heartburn was evaluated 
using a validated 4-point Likert scale (none, mild, 
moderate, severe) for heartburn severity at baseline 
and every morning at the approximately the same 
time for the 14 days of the trial. Nocturnal heartburn 
was measured daily as a dichotomous response (yes/ 
no) because severity measures are of limited utility in 
the nocturnal period because of recall bias. 

Statistics 

Results are presented as mean values of the 4-point 
scale for daytime heartburn and proportion respond- 
ing yes for nocturnal heartburn with 95°/o confidence 
intervals. Planned comparisons were made between 
the groups at baseline (day 1) on day 3 and day 14. 
These time points were chosen because intragas- 
tric pH data suggest that the effect of adding 
H 2 -receptor antagonists is pronounced in first week 
of therapy but the effect disappeared after more pro- 
longed use. 

Human subjects 

The human subjects review board at Aurora Sinai 
Medical Center, approved the protocol and all partici- 
pating patients gave written informed consent (the 
study was sponsored by Pfizer Inc.). 

RESULTS 

Forty-one of the 386 patients (10.6%) surveyed had 
nocturnal symptoms of heartburn at least twice a 
week. By self-report, all patients were taking their PPIs 
daily half an hour before breakfast. All 41 had' erosive 
oesophagitis demonstrated at endoscopy prior to the 
initiation of PPI therapy (Los Angeles A or B in 40 
patients and Los Angeles grade C in one patient). The 
prevalence of nocturnal symptoms in this population 
was 10.6%. Thirty-three of the 41 patients agreed to 
participate in the study. The remaining eight patients 
wished to have additional therapy without the possi- 
bility of receiving a placebo and refused to participate. 
Sixteen patients were randomized to placebo and 17 
patients were randomized to ranitidine 75 mg at bed-, 
time. At baseline, seven of 16 patients in the placebo 
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group and eight of 17 in the ranitidine group reported 
symptoms of nocturnal heartburn. Mean symptom 
scores did not change significantly over time and there 
were no significant differences between the groups. 
Mean daytime symptom scores on the first day of the 
trial (baseline) were similar between the treatment 



group (1.1 ± 0.9) and the placebo group (1.1 ± 1.1). 
On day 3, symptom scores were significantly lower in 
the ranitidine group (0.71 ± 0.69) compared with the 
control group (1.4 ± 1.2; P = 0.045; Fig. 1). On day 
14, mean symptom scores were similar in the raniti- 
dine group (0.82 ± 0.95) and the control group 
(1 ± 0.84; Fig. 1). There were no significant differ- 
ences in proportion of subjects reporting nocturnal 
heartburn between the two groups (Fig. 2). 

DISCUSSION 

Nocturnal symptoms of heartburn are common in 
the general population and have been shown to be 
associated with a significant decrease in the quality 
of life. There is little information on the prevalence 
of nocturnal heartburn in patients with erosive 
oesophagitis who are receiving PPI therapy. The 
results of this study show that nocturnal heartburn 
is reported by approximately 10% of patients with 
erosive oesophagitis on PPI therapy. This is probably 
an underestimate of the number of patients who 
actually have nocturnal reflux because many reflux 
episodes are not recognized or reported by the 
patient. 1 Our study population was chosen to be 
well-characterized and therefore only patients with 
previously documented erosive oesophagitis were 
studied. The prevalence of nocturnal symptoms may 
be different in other populations of patients with 
reflux symptoms, e.g. non-erosive reflux disease. 

We studied Zantac 75 tablets as this preparation is 
widely available over-the-counter throughout the 
world (the USA, Canada, Australia, New Zealand, Den- 
mark, the UK) and is frequently used by patients for 
control of heartburn. In a recent report on the over- 
the-counter acid-blocker drugs, ranitidine 75 was one 
of the top three (along with famotidine and omepraz- 
ole) over-the-counter acid inhibitors purchased in the 
United States. 2 We also chose low-dose ranitidine 
because it has been shown to be effective in increasing 
nocturnal intragastric pH and because it can have an 
effect that can be detected up to 15 h after a single 
dose in gastric pH studies. 3 In some studies ranitidine 
75 mg has been more effective than famotidine 10 mg 
and its effects on pH were more pronounced in the 
first 2.5 h after dosing. 4 Robinson et al studied a 
group of patients with heartburn who were given a 
single daily dose of omeprazole and demonstrated that 
addition of bedtime ranitidine in a dose of 75 mg 
eliminated night-time gastric acidity but oesophageal 
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acid exposure was not significantly changed because 
the patients no longer had nocturnal acid exposure in 
the oesophagus after receiving omeprazole. 5 In another 
intragastric pH study, bedtime ranitidine (150 mg) was 
more effective than bedtime omeprazole in controlling 
night-time acid in normal subjects. 6 In GERD patients, 
addition of an H 2 -receptor antagonist to a regimen of 
twice a day omeprazole therapy improved intragastric 
pH values. 7 None of these studies, however, established 
a clear link between changes in intragastric pH and 
intraoesophageal pH or symptoms. Ours et al studied 
GERD patients randomized to four treatments: (i) 
omeprazole 20 mg twice daily for 2 weeks; (ii) omep- 
razole 20 mg twice daily for 2 weeks with ranitidine 
300 mg at bedtime for 4 weeks; (iii) omeprazole 
20 mg before breakfast and before dinner for 2 weeks 
and (iv) omeprazole 20 mg every 8 h for 2 weeks. 
Although all the regimens improved intragastric pH 
parameters compared with baseline, no single treat- 
ment regimen resulted in more significant suppression 
of nocturnal acid than the others. Oesophageal acid 
reflux and patient symptoms were well controlled 
despite acid being present in the stomach. 8 In another 
pH study, addition of ranitidine 150 mg at bedtime did 
not alter oesophageal acid exposure during sleep in 
patients taking omeprazole 20 mg twice daily. 9 In a 
long-term study of the effects of adding H 2 -receptor 
antagonists to a regimen of PPIs, Fackler et al showed 
that intragastric pH values improved in patients 
receiving H 2 -receptor antagonists but that these effects 
were short-lived and were no longer apparent at 
1 week presumably because of the development of tac- 
hyphylaxis. 10 

Drug tolerance is said to have occurred when, 
after prior exposure to a drug, an individual requires 
an unusually large dose of that drug to achieve the 
usual effect. 11 Tolerance to H 2 -receptor antagonists 
has been studied in healthy volunteers and in 
patients with duodenal ulcer. In volunteers, the 
reduction in acid inhibition is related to the dose of 
the H 2 -receptor antagonist administered. 12 Despite 
the absence of clinical data on symptoms in patients 
with GERD, the concept of adding H 2 -receptor 
antagonists to PPI therapy has gained wide attention 
and these combinations of therapy are frequently 
prescribed by primary care doctors. 13 Our study 
demonstrates that symptom scores improve at day 3 
but the effect is short-lived and is not seen on day 
14. The greatest loss of efficacy in acid inhibition in 
intragastric pH studies in volunteers is in the first 



few days after initiation of therapy and is well- 
established by 1 week. 11 Our results are therefore in 
keeping with pH studies. From a clinical standpoint, 
one may interpret our data and the available intra- 
gastric pH data to suggest that there is short-term 
efficacy in nocturnal heartburn relief with over-the- 
counter doses of H 2 -receptor antagonists. Given the 
clinical profile of these agents the optimal use of an 
H 2 -receptor antagonist in a patient taking a PPI 
would be in intermittent courses that are <1 week in 
duration. Continuous use is probably associated with 
the development of tolerance and a disappearance of 
the clinical effect. Because of the rapidity with 
which the H 2 -receptor antagonists act, they seem 
well suited for patients who are generally well 
maintained on PPI therapy but develop nocturnal 
heartburn under special circumstances, e.g. a late 
evening meal or the ingestion of alcohol with the 
meal. In these instances, tolerance would not play a 
role as the H 2 -receptor antagonist would be taken 
infrequently when these specific circumstances arose. 
In this context, H 2 -receptor antagonists have another 
advantage in that they are rapidly effective even 
when taken after a meal. 14 Finally, theoretical con- 
cerns that the H 2 -receptor antagonist might affect 
next day activity of PPIs have been allayed by pH 
studies which have shown no effect on next day 
acid control with the PPI. 15 Other preparations of 
over-the-counter medications are also available such 
as the effervescent formulation of ranitidine 75. 
These compounds have a more rapid onset of effect 
and may offer further advantages in symptom relief 
but were not evaluated in this study. 16 

Our study has some limitations. The numbers of 
patients randomized are small and this was due to 
the paucity of patients reporting nocturnal heartburn 
on single daily doses of PPIs. The possibility of a 
type 1 error exists but a small effect on symptoms 
is probably of little clinical significance. Our study 
is, however, the only randomized-controlled trial 
addressing symptoms with this combination of drugs. 
We believe that a more thorough appraisal .of com- 
bination therapy is necessary before it becomes 
widely used in clinical practice. Such studies would 
have to consider a higher dose of an H 2 -receptor 
antagonist but the development of tolerance is still a 
problem with these agents. 17 Our study also points 
out the limitations of intragastric pH studies when 
they are extrapolated to clinical conditions. These 
studies are performed with an intragastric pH 
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electrode that measures pH but does not measure 
gastric volume. Therefore, these studies do not 
necessarily predict intraoesophageal pH changes or 
the development of symptoms. 
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Symptom evaluation in reflux disease: workshop 
background, processes, terminology, recommendations, 
and discussion outputs 

J Dent, D Armstrong, B Delaney, P Moayyedi, N J Talley, N Vakil 



There has been no published indepth systematic evaluation 
of the best approaches to symptpm evaluation in gastr- 
oesophageal reflux disease (GORD), A two day 
international multidisciplinary ^brksh©p was therefore held 
in Marrakech, Morocco, in September 2002 to address 
these issues. The aim of the workshop was to critically 
review the data regarding the reliability, processes, and 
priorities for symptom evaluation in GORD patients. The 
workshop was designed to give outputs that could be 
readily reported and to arrive at specific recommendations 
on best practice in symptom evaluation in reflux disease. 
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SUMMARY 

To date, there has been no published indepth 
systematic evaluation of the best approaches to 
symptom evaluation in gastro-oesophageal 
reflux disease (GORD). A two day international 
multidisciplinary workshop was therefore held in 
Marrakech, Morocco, in September 2002, to 
address this. The workshop focused on four key 
topics and the outcomes are reported here. 

(1) Diagnostic use of symptoms. 

(2) Assessment of reflux symptom severity. 

(3) Quality of life. 

(4) Patient expectations and satisfaction. 

In addition, recommendations were made on 
the terminology to be used in this area. 

GORD should be defined by the presence of 
reflux oesophagitis (Los Angeles grades A-D) 
and/or when it causes reflux symptoms that are 
sufficient to impair quality of life and/or when it 
is associated with a risk of long term complica- 
tions. Moderate symptoms that occur more than 
once pei- week impair quality of life and can 
therefore be considered as GORD. The best 
method of eliciting the predominant symptom 
is with a technically adequate clinical interview. 
Consensus was reached that dysphagia should be 
investigated if the pattern and duration were 
appropriately characterised. 

For short term therapy, absence of heartburn, 
self-assessed by the patient using a seven point 
modified likert scale over a one week period, is 
considered to be an optimal objective end point. 
Regurgitation should also be monitored. Absence 



of symptoms is predictive of healed oesophagitis 
during short and long term therapy but there are 
few data on predictors of a symptomatic 
response to therapy. 

Disease specific measures of. quality of life, 
such as the quality of life in reflux and dyspepsia 
(QOLRAD) scale, are more responsive to change 
than generic measures such as SF-36 and 
EuxoQol. However, generic measures do allow 
comparison with other diseases. Quality of life 
should at least be measured at the beginning and 
end of a trial, with at least annual measurement 
in long term trials. 

Patient satisfaction depends on several factors, 
including the outcome of treatment, process of 
care, and the patient-doctor relationship. There 
are no validated instruments to measure patient 
satisfaction in this disease, and there is little 
information on patient expectations. 

BACKGROUND TO THE WORKSHOP 

The last 1 5-20 years have seen major advances in 
the understanding of GORD and major develop- 
ment of pharmacological, surgical, and luminally 
delivered physical therapies. There has been a 
commensurate burgeoning of clinical trials into 
reflux disease therapies, driven mainly by the 
very high prevalence of this problem in devel- 
oped countries, and the rapid evolution of 
therapeutic options. 

Hie overall quality of clinical trials into reflux 
disease has improved greatly in the last 15- 
20 years but there is still considerable potential 
for making such trials more authoritative and 
comparable. This potential now resides predomi- 
nantly in approaches to symptom evaluation. 

Symptom evaluation is a crucial aspect of both 
the routine clinical management and the clinical 
trialling of reflux disease. Diagnosis and pre- 
treatment severity assessment rest heavily on 
symptom evaluation, as does assessment of the 
outcomes of therapy. With some therapies, 
effective sCTeening for side effect symptoms is 
an important part of the measurement of 
therapeutic outcomes. 

Despite the importance of symptom evaluation 
in reflux disease, there has been no published 
indepth systematic evaluation of the best 

Abbreviations: GORD, gastro-oesophageal reflux 
disease; QOLRAD, quality of life in reflux and dyspepsia; 
PPI, proton pump inhibitor; VAS, visual analogue scales; 
GSRS, gastrointestinal symptoms rating scale; PGWB1, 
psychological general well being index; ENT, ear, nose, 
and throat; RSI, reflux symptom index; RFS, reflux finding 
score; QALYs, quality adjusted life, years 
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Table 1 Grading of the nature of the evidence for each workshop proposition 


Nature of 
evidence 


Study design 


Study execution 


Consistency-. 


Directness of evidence 


A 
B 

C 

D 
E 


Meta-analysis of RCTs* (for interventions) 
RCTs (for interventions) 

Non-randomised studies (for diagnosis and prognosis) 
Meta-analysis of RCTs or RCTs (for interventions) 

Non-randomised studies (for diagnosis or prognosis) 

Non-randomised controlled studies (for interventions) 
Non- randomised controlled studies (for interventions) 

Meta-analyses or RCTs with a combination of important 
flaws and inconsistency and/or indirect evidence 
Other evidence (not expert opinion) 
Expert opinion 


No important flows 

important flaw or inconsistent 
or weak indirect 
important flaw or Inconsistent 
or weak indirect 
No important flaws 
Important flaw or inconsistent 
or weak indirect 


Consistent 
Consistent 


Direct or strong indirect 
Direct or strong indirect 


•RCTs, randomised controlled trials. 

Adapted from: Mason J # Eccles M. Guideline Recommendation and Evidence Grading (GREG): a new grading method for Clinical Guideline Development 
Groups. University of Newcastle upon Tyne: Centre for Health Services Research, 2003; report 109. 

Exceptions that can alter the quality of grading: sparse data (few events); use of data not in its initial randomisation, or apparent publication bias, can lower the 
quality; a very strong association can raise the quality. 

Coding notes: important Raws occur when the highest standards of research that could be achieved by q study are not applied; consistency occurs al two levels- 
design (consistent methods, patients, outcomes) and statistical (a test of homogeneity of a summary estimate when the level of design consistency is acceptable and 
meta-analysis appropriate); directness: "direct evidence": relevant patient benefits and harms are measured in studies; "strong indirect": the surrogate end point 
is strongly related to desirable end points, or that direct evidence is available for a sufficiently related patient group; "weak indirect": the relationship between the 
study outcomes and patient benefits or harms is insufficient. 



approaches to this for routine practice and clinical trials. This 
lack of considered guidance is evident in the design of 
published clinical trials that use a wide range of terminol- 
ogies and approaches to symptom evaluation. Not all of the 
methods used can be optimal for identification of suitable 
patients for enrolment in clinical studies and for assessment 
of therapeutic outcomes. Hie diversity of approaches used 
also makes it difficult or impossible to make detailed 
comparisons among trials, or to safely pool symptom data 
from different clinical trials. 

The potential for further enhancement of the quality of 
clinical trials in reflux disease led to the holding of a two day 
international multidisciplinary workshop in Marrakech, 
Morocco, in September 2002, that is the subject of this 
report. This evaluated both the general principles and the 
particulars of symptom evaluation in reflux disease for 
routine clinical care and clinical trials. The aim of the 
workshop was to critically review the data regarding the 
reliability, processes, and priorities for symptom evaluation in 
GORD patients. The workshop was designed to give outputs 
that could be readily reported and to arrive at specific 
recommendations on best practice in symptom evaluation in 
reflux disease. 

Workshop processes 
Structure of the workshop 

The workshop involved 28 participants from 10 countries, 
who were specialist gastroenterologisls, primary care physi- 
cians, surgeons, and researchers who have a major involve- 
ment in managing and/or researching reflux disease, and/or 
researching more general fields of methodology relevant to 
the topic. 

Following reviews of generic methodological issues, the 
workshop was divided into four sequential sessions, focusing 
on the following topics: 

( 1 ) diagnostic use of symptoms; 

(2) assessment of reflux symptom severity; 

(3) quality of life; 

(4) patient expectations and satisfaction. 



Each session opened with an overview of the clinical 
practicalities and a methodological review relevant to the 
session, followed by division of the participants into four 
concurrent discussion subgroups, and then a plenary discus- 
sion and voting session. 

Propositions were prepared focusing on specific issues, and 
were assigned to individual participants to research in 
advance of the workshop. Participants presented a review 
of the data relevant to their assigned proposition in a 
discussion subgroup where the proposition was then dis- 
cussed and voted on (see below). The conclusions of the 
subgroup on each of their assigned propositions were 
presented to the full workshop in the plenary session, further 
discussion occurred as necessary, and all participants then 
voted anonymously on the proposition, this time electron- 
ically (see below). 

After these four main workshop sessions, a final session 
was devoted to discussion of the major workshop conclusions 
and outcomes, with voting on further propositions as 
necessary to clarify outstanding questions and issues. 

Process, fqrmq^ and reporting of voting 
For each^jroppsitiorii participants in the discussion subgroup 
agreed on the > nature, yf evidence for the proposition, after 
discussion of the study vlesign and execution, consistency of 
the findings, and directness of the evidence (table 1). They 
then voted on the strength of their recommendation of the 
proposition (table 2). Both the nature of evidence that had 
been agreed and the strength of the recommendation from 
the discussion subgroup were presented to the full workshop 
in the plenary session. After discussion in the plenary session, 
all participants voted on the strength of the recommendation 
(table 2). 

The outcome of voting from the plenary session is provided 
in this manuscript for each proposition in each of the four 
different topic sessions. The proposition is given in bold 
italics, followed by the nature of evidence agreed by the 
subgroup, which is given in italics. The strength of 
recommendation is then given, expressed as the percentage 
of participants voting at each level. The level of recommenda- 
tion receiving the largest vote is highlighted in bold. 
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Table 2 Levels of strength of recommendation 
used in voting on the workshop propositions 

Strength of recommendation 

Agree strongly 
Agree with reservation 
Disagree with reservation 
Disagree strongly 



Each proposition is followed by a discussion of the major 
points raised in both the subgroups and the plenary session, 
together with the relevant references. Additionally, editorial 
commentary and opinion is given from the editors of this 
report who were also the Core Group responsible for the 
planning of the workshop, including- preparation of the 
propositions. In addition to the re^bjftfng bf the voting, 
discussion, and editorial comment on tne work4hop ; proposi" 
tions given in tliis manuscript, individual manuscripts 
authored by the presenters of methodological reviews within 
the workshop are given in the rest of the workshop report. 

Considerations involved in judging the nature of 
evidence and strength of recommendation 

In any evidence based guideline, there needs to be an 
objective and transparent process by which the strength of 
evidence and the strength of a recommendation are graded. 
Hie two are not directly linked, as there may be other 
powerful factors, such as affordability, lack of evidence of 
long term efficacy, or lack of international generalisability 
that may influence the interpretation of evidence. Workshop 
participants were reminded that, in general, the more explicit 
and detailed the questions asked about the validity of the 
evidence presented, the more that evidence should weigh in 
the decision. The evidence grading used in the workshop is an 
example of this more explicit testing, incorporating domains 
for design and execution of the study, the consistency of the 
effect, and allowing for non-randomised designs where these 
are the appropriate method. 

A properly conducted randomised controlled trial is the 
best method of avoiding bias when comparing two interven- 
tions, but where prognosis or diagnosis is concerned, a well 
designed cohort study is the choice. Furthermore, where good 
evidence of an indirect nature (for example, for a proxy 
outcome and mortality) can be linked, grade A was also given 
(table 1). Flaws, lack of consistency, inappropriate outcome 
measures or settings, and lack of direct linkage drop the level 
of evidence. In general, sample size was explored using 
confidence intervals . as . a . measure . of _ precision, but .large _ 
numbers of small studies are more prone to publication bias 
and bias due to poor design; participants were cautioned 
against this. 

Additional data analyses for the workshop 

As part of their preparation for the workshop, participants 
were given access to the AstraZeneca reflux disease clinical 
trial database. Further exploratory analyses were made on 
this large database where relevant. Where the results of such 
analyses have been used as evidence, this is noted in the 
report. The findings of such secondary analyses are identified 
and referenced to the original study publication. 

TERMINOLOGY ISSUES AND RECOMMENDATIONS 

One output of the workshop was a recommendation for 
consistent use of simplified terminology for symptom 
evaluation in GORD. The terminology used in the area of 
symptom evaluation in reflux disease is highly varied, and in 
many cases is vague. A systematic review has been conducted 
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of randomised clinical trials of medical therapies in reflux 
disease, which includes over 200 publications (see Sharma 
and colleagues 1 in this supplement (page iv58-iv65)). 
Analysis of these trials highlights some 20 different terms 
used to describe the absence of GORD symptoms, and several 
terms to describe a reduction in symptoms (table 3). 
Moreover, there is significant overlap in what these terms 
are considered to mean, "symptom relief, for example, being 
used variously to describe absence of symptoms as well as 
reduction in symptoms. There is also considerable hetero- 
geneity in how terms arc defined. Some of the terminology 
used involves poor use of the English language. For instance, 
some terms are used that are internally contradictory when 
their pure meanings are considered (for example, "complete 
relief). This is often because qualifiers arc attached to words 
that are intended to. convey absolute measures. Similarly, 
there is also variation in the terminology used to describe 
regurgitation (table 4). 

The survey of the use of terminology highlights the need 
for consistent use of unambiguous terms that describe 
symptom status in reflux disease. There is a clear need for 
greater consistency and definition of terms, not least to 
facilitate comparisons among different studies. Use of the 
same terms, with the same meanings, would be a significant 
step forward. The time available for the workshop did not 
allow detailed consideration of these issues of terminology. 
The authors of this section of the report, who were also the 
Core Group responsible for its planning, therefore met after 
the workshop to consider issues of terminology and make 
recommendations that simplify, and define, the terminology 
to be used. These recommendations have been applied 
throughout this workshop report. 

Recommendations for improved terminology 

When a symptom is not present 
"Absence" is the recommended term to state that a symptom 
is not present. It is interchangeable with "symptom free/free 
of symptoms". These terms were selected on the basis of 
simplicity, minimal ambiguity, and being most readily 
understood in other languages. This terminology needs to 
be used in conjunction with specification of the symptom in 
question (for example, heartburn) and a qualifier of the 
timescale or duration (for example, "absence of heartburn for 



Table 3 Terms used to describe the absence or reduction 
of gastroesophageal reflux disease symptoms in studies 
assessed for the systematic review by Sharma and 
colleagues 1 in this supplement (seepage iv5&-iv65} 

- Absence of .symptoms - — : . • - Redaction of sy m ptoms - 

Symptom free Symptoms improved 

Completely symptom free Symptom relief 

Persistently symptom free Clinical iiriprovement 

Totally symptom free 

Symptom relief 

Profound symptom relief 

Complete symptom relief 

Symptom resolution 

Complete symptom resolution 

Sustained symptom resolution 

Symptom remission 

Symptoms ceased 

Symptoms absent 

Symptoms eliminated 

Persistent absence of symptoms 

Disappearance of symptoms 

Asymptomatic 

Complete disappearance of symptoms 
No symptoms 1 
Completely gone 
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Table 4 Terms used to describe the symptom 
of regurgitation in studies assessed for the 
systematic review by Sharma and colleagues' in 
this supplement (see page iv58-iv65l 

Rfl^umitefion ; 

Regurgitation 
Acid regurgitation 
Gastro-oesophageal regurgitation 
Acid eructation 



the last seven days", or "heartburn free for the last seven 
days", or "free of heartburn for the last seven days". 

When a symptom persists to some degree 
"Reduction/reduced" is recommended to describe when a 
symptom has decreased but is still present to some extent. A 
baseline comparator is implicit in this. The term "relief" was 
rejected as it was seen to be too open to interpretation (see 
above). When "relief is used to describe a reduction of a 
symptom, it is a term that implies a judgement by the patient 
as to whether the reduction reaches a threshold. This could 
vary among patients according to the patient's expectations 
and level of satisfaction with therapy, potentially suggesting 
that a patient is satisfied with their symptom status when, in 
fact, they are still suffering significant residual symptoms. 

When a symptom worsens 

"Increase" is the recommended term to describe worsening 
of a symptom. This may occur, for example, when there is an 
increase in a specific symptom or symptoms as a side effect of 
therapy. 

Specification of the symptom(s) 

The symptom(s) in question should always be specified, with 
the four main symptoms being "heartburn", "regurgitation", 
"epigastric pain", and "dysphagia", along with the descrip- 
tors that describe presence/absence and intensity. Terms to 
describe regurgitation were considered, as there is some 
heterogeneity in this. "Acid regurgitation", "gas tro- oesopha- 
geal regurgitation", and "acid eructation" were all rejected, 
not least because the content of what is regurgitated cannot 
be defined based on symptoms. The recommended term is 
thus "regurgitation". This needs to be clearly distinguished 
from "water brash". 

The authors recognise the difficulties in communicating 
specific symptoms to patients and, for example, the value of 
"word pictures" in describing symptoms. This is addressed by 
Shaw 2 in this supplement (see page iv25-iv27), and the 
workshop also identified the need for local definitions of 
specific symptoms, talcing into account variations in the 
translation of words into other languages. 

Timescale and duration 

This is addressed elsewhere in the workshop report, and the 
actual timescale and duration measured will depend on the 
aims of the symptom assessment. However, timescale of 
symptom evaluation and/or duration of symptoms should 
always be clearly stated in any reporting of symptom 
assessment. For more discussion of the appropriate duration 
for assessment of symptom status, see McColP in this 
supplement (page iv49-iv54). 

Use of response scales 

Response scales— for example, in the measurement of 
symptom severity — are frequently referred to as Iikert scales, 
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and this term was used in workshop discussions. "Iikert 
scale" is commonly used, for example, to describe symptom 
scales, such as "none, mild, moderate, severe". The original 
Iikert scale (see Wyrwich and Staebler Tardino, 4 in this 
supplement (page iv45-iv48), for more on Iikert scales) was 
a five point scale, from "strongly approve" to "strongly 
disapprove" with a defined ("no opinion") zero point. In 
other words, a strict definition of a Iikert scale could include 
a neutral midpoint with the scale symmetrical about this 
point with positive and negative loadings. However, in 
practice, the issue of a zero midpoint (and thus an odd 
number of responses) comes down to the intention of the 
author, with arguments for and against the use of a neutral 
alternative. To accommodate this; while al the same lime 
encompassing common usage of Iikert scales, the term 
"modified Iikert scale" is used throughout the workshop 
report. 

1. DIAGNOSTIC USE OF SYMPTOMS: 
PROPOSITIONS, VOTING, DISCUSSION, AND 
COMMENTARY 
Introduction 

Diagnostic symptom assessment is especially important in 
GORD where objective tests, such as endoscopy and 
oesophageal pH studies, are relatively insensitive. It is not 
enough however to document symptoms that may be 
important in GORD. Surveys suggest that approximately 
one third of the population experience heartburn, 5 and it is 
unlikely that all of these subjects have a disease. It is 
therefore important to determine the severity of symptoms 
and pathology that defines GORD. The next problem is 
estabUshing what symptom or symptoms are necessary for 
the diagnosis of GORD. Rome II focused on predominant 
heartburn as the feature that best identifies GORD, based on 
trial evidence that this group of patients with a normal 
endoscopy responds better to proton pump inhibitor (PPI) 
therapy than those with predominant dyspepsia or other 
symptoms. 6 It is important to establish, the likely accuracy of 
this approach, how easy it is for patients to describe their 
predominant symptom, and what otheT features may enrich 
the diagnosis. This will be useful for clinicians diagnosing 
GORD and for identifying patients that are suitable for GORD 
trials. 

The observation that the risk of subjects with severe reflux 
symptoms developing oesophageal adenocarcinoma was 
increased 40-fold 7 has raised the profile of GORD as a serious 
disease. The majority of patients with oesophageal adeno- 
carcinoma have dysphagia as a symptom and most guidelines 
recommend that all patients with this symptom have urgent 
endoscopy, J^ySphagia is also a common symptom of GORD 
and raererore* the 1 ntilfty of investigating all patients with this 
problem needs to :be> questioned. These questions were 
addressed by the worlcshop under the following six topic 
headings: 

• When does gastro-oesophageal reflux become GORD? 

• What is the positive predictive value of predominant 
heartburn in diagnosing GORD? 

• What is the negative predictive value of absence of 
predominant heartburn in excluding GORD? 

• Does the practice setting in which the diagnostic assess- 
ment is made influence the positive predictive value of 
GORD symptoms? 

• Are there any other symptoms that help make the 
diagnosis of GORD? 

• What symptoms and characteristics identify reflux disease 
patients who are at relatively high risk of having or 
developing serious complications from this? 
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propositions, voting, and discussion 

When does gastro-oesophageal reflux become 

GORD? 

(1.1) GORD is defined by the presence of reflux oesophagitis 
(Los Angeles grades A-D) and/or when it causes reflux 
symptoms that are sufficient to impair quality of life and/or 
when it is associated with a risk of long term complications. 

Strength of recommendation: agree strongly, 62%; agree, 
reservation, 27%; disagree, reservation, 12%; disagree strongly, 0%. 

This is consistent with the definition of GORD in the 
Genval Workshop Report * When symptoms significantly 
impact on patient quality of life, this fits with holistic 
definitions of disease. The question of what level of reflux 
symptom load impacts on quality of life is addressed in 
proposition 2.2. The workshop recommended that this should 
now be adopted as the working definition of GORD. 

Editorial comment. "Risk of loflg term complications" 
includes any severity of mucosal fijr.eakage' due to reflux 
oesophagitis, as well as stricture and ^"velopment of Barrett's 
oesophagus. However, to clarify this, during the workshop, 
the definition was modified to include explicit mention of 
reflux oesophagitis, as defined by the Los Angeles classifica- 
tion system.* This is the final definition (above), which was 
strongly supported. 

(1.2) In patients consulting with GORD, moderate symptoms 
and/or symptoms occurring two or more days per week 
significantly impair quality of life, (nature of evidence: B). 

Strength of recommendation: agree strongly, 7%; agree, reserva- 
tion, 63%; disagiee, reservation, 30%; disagree strongly, 0%. 

The question of the threshold level of symptoms that 
causes clinically relevant impairment of quality of life is 
influenced to some extent by how quality of life is measured, 
and evidence from studies in patients with more severe 
symptoms is limited by significant selection bias. The Genval 
report proposed that reflux disease is likely to be present 
when heartburn occurs on 2 or more days a week, on the 
basis of the negative impact of this symptom frequency on 
quality of life. 8 It was noted in the report however that the 
evidence at that time may have been insufficient to define 
severity of reflux induced symptoms by frequency alone. New 
data now support this hypothesis, with a marked fall in 
patients' willingness to accept two or more days of mild 
heartburn per week (fig 1 ). Over 90% of patients accepted up 
to one day of mild heartburn during treatment as sufficient 
control of their heartburn but this fell to 32% when they 
experienced mild heartburn on 2-4 days of the week. 10 These 
data seem to justify the "two or more days a week" cutoff for 
symptoms that impair quality of life. The concept that 
frequency of symptoms is correlated with severity is 
supported" by new analyses of data from patients with 
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Figure 1 Most patients accept up to one day with mild heartburn per 
week during treatment. Few accept more frequent heartburn or 
moderate/severe heartburn. 10 
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Figure 2 Patients with severe heartburn are likely to have more 
frequent heartburn than those with mild heartburn (AstraZeneca, data on 
file). 



endoscopy negative GORD. These data show that patients 
with severe heartburn are more likely to experience daily 
heartburn than those with mild heartburn (fig 2) 
(AstraZeneca, data on file). Further support comes from the 
ProGERD study in over 5000 patients presenting with 
symptoms of GORD. In this study, both the SF-36 and 
QOLRAD scales show a decrease in quality of life dimensions 
with increasing frequency and severity of heartburn and, 
more particularly, indicate that the drop in quality of life is 
apparent when symptoms occur on more than one day of the 
week, or when they are of moderate or greater severity 
(AstraZeneca, data on file). 

Editorial comment. While in general two or more symptoms 
per week is associated with impaired quality of life, clinical 
experience suggests there is the occasional patient that 
complains of infrequent but moderate or severe symptoms 
that are sufficiently troublesome to affect quality of life. It 
should also be noted that a minority of patients with more 
than twice weekly heartburn does not have impaired quality 
of life. This appears to be why 30% of workshop participants 
disagreed with the proposition. 

What is the positive predictive value of predominant 
heartburn in diagnosing GORD? 

(1.3) In at least 90% of people with heartburn as their sole 
symptom, this will be caused by gastro-oesophageal reflux 
(nature of evidence: D). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 17%; disagree, reservation, 35%; disagree strongly, 48%. 

This proposition was rejected because only a very small 
subset of patients has a sole symptom, and there are no data 
available for such patients. In a study of patients with 
predominant heartburn whose GORD was defined by pH 
monitoring," the specificity of heartburn was 89%, but 
sensitivity was 38%. Patient numbers were small, heartburn 
was not the sole symptom, and pH monitoring is not 
sufficiently accurate. 

Editorial comment. There are propositions throughout this 
workshop that the group rejected or accepted where there 
was little or no evidence. This decision is therefore driven by 
clinical opinion and, for this proposition, the implication is 
that the group felt heartburn alone does not have a superior 
positive predictive value to heartburn as a predominant 
symptom, which is addressed in proposition 1.4. 

( 1.4) In at least 80% of patients consulting with heartburn as 
their predominant symptom, this is induced by gastro- 
oesophageal reflux (nature of evidence: C). 
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Strength of recommendation: agree strongly, 37%; agree, 
reservation, 59%; disagree, reservation, 4%; disagree strongly, 0%. 

Acceptance of this proposition relied heavily on clinical 
experience, as there are no direct data to support it. Indirect data 
are available by extrapolation from studies of empirical PPI 
therapy and GORD diagnosis in patients with heartburn as their 
predominant symptom. 12 -' 5 Sensitivity was 75-83% and speci- 
ficity 55-63%. The Genval workshop concluded that when 
heartburn is a major or sole symptom, gastro-oesophageal 
reflux is the cause in at least 75% of individuals, and this was, 
again, based on consistency of indirect evidence and clinical 
experience. 8 It should be noted that the value of 80% accepted in 
the proposition here relates to patients consulting in secondary 
care with heartburn, and may be expected to be lower in people 
with heartburn in the general population. 

(1.5) Heartburn is associated with epigastric, pain in at least 
two thirds of patients with upper gastrointestinal symptoms 
(nature of evidence: C). 

Strength of recommendation: agree strongly, 4%; agree, reserva- 
tion, 62%; disagree, reservation, 15%; disagree strongly, 19%. 

The quite wide scatter of votes reflects the lack of studies of 
adequate design which specifically address the proposition, 
the fact that the relevant data available are largely secondary 
unpublished analyses, and that the definition, frequency, and 
severity scorings of heartburn and epigastric pain are 
generally not reported in detail. Consequently, there was 
debate over the precise proportion of patients with both 
symptoms. Support for the proposition comes from un- 
selected subjects surveyed randomly in UK general prac- 
tices. 16 Re-analysis of these data indicate that of the 3177/ 
8350 individuals (38%) that had upper gastrointestinal 
symptoms, 2403/3177 (76%) had heartburn more than once 
per month, and 1518/2403 (63%) of these individuals had 
coexisting epigastric pain. The Canadian Cadet-PE study in 
patients with iminvestigated dyspepsia also supports the 
proposition. Of 84% of patients with upper gastrointestinal 
symptoms found to have heartburn or regurgitation, 75% also 
had ulcer-like dyspepsia (AstraZeneca, data on file). Reanaly- 
sis of the AstraZeneca database from a study comparing 
healing of reflux oesophagitis with esomeprazole and 
lansoprazole in over 5000 patients in the USA with reflux 
oesophagitis and heartburn 17 shows that 66% of these 
patients also had epigastric pain at baseline. In general 
practice in Denmark, 18 32% of consecutive consulting dys- 
pepsia patients had dominant heartburn and/or regurgita- 
tion, 37% had dominant epigastric pain, and 66% had both. 
In conclusion, the available data indicate that there is signi- 
ficant overlap between heartburn and epigastric pain, but 
controversy remains over the precise extent of this overlap. 

(1.6) The epigastric pain that occurs in patients with reflux 
disease is generated predominantly by oesophageal contact 
with refluxate (nature of evidence: B). 

Strength of recommendation: agree strongly, 4%; agree, reserva- 
tion, 46%; disagree, reservation, 42%; disagree strongly, 8%. 

The evenly split vote reflects the absence of data showing a 
temporal association between epigastric pain and reflux 
episodes. Evidence to support the proposition is limited and 
circumstantial. Epigastric pain is part of the symptom 
complex for many GORD patients, and improves with PPI 
therapy, although to a lesser extent than heartburn. Some 
functional dyspepsia patients with non-dominant heartburn 
have increased oesophageal acid exposure 1 ' but there are no 
prospective data to show that epigastric pain in GORD is 
triggered predominantly by gaslro-oesophageal reflux. A 
single study has shown an association between oesophageal 
acidification by acid perfusion and epigastric pain, although 
this was in duodenal ulcer patients." 
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(1.7) Patients with heartburn and epigastric pain find it 
difficult to describe their predominant symptom (nature of 
evidence: C). 

Strength of recommendation: agree strongly, 21%; agree, 
reservation, 71%; disagree, reservation, 8%; disagree strongly, 0%. 

No studies have directly addressed this although it is 
supported by indirect evidence." 21-23 Epigastric pain and 
heartburn frequently coexist in various populations with 
dyspepsia, and a significant proportion cannot select their 
predominant symptom. When primary care patients with 
dyspepsia were asked to select their predominant symptom 
from heartburn, regurgitation, or epigastric pain, 19% were 
unable to choose, 10% said that it was none of these, and 10% 
failed to respond. 2 ' This highlights two elements to the 
question: firstly, the patient's ability to differentiate epigas- 
tric pain from heartburn and, secondly, their ability to select 
a predominant symptom. 

(1.8) A word description helps patients decide whether 
heartburn or epigastric pain is the predominant symptom 
(nature of evidence: C). 

Strength of recommendation: agree strongly, 17%; agree, 
reservation, 75%; disagree, reservation, 8%; disagree strongly, 0%. 

Evidence to support this comes from two studies that have 
documented the value of using word descriptions for heart- 
burn that included upward movement of pain, discomfort, or 
a burning feeling starting in the epigastrium and rising 
towards the neck. M 25 

Editorial comment. Phrasing of the word picture is important 
because if more than two concepts are combined in the same 
sentence this can be confusing for respondents. 21 

What is the negative predictive value of absence of 
predominant heartburn in excluding GORD? 

(1.9) In people with upper abdominal pain in whom 
heartburn occurs as a secondary symptom, GORD is present 
in approximately 30% (nature of evidence: C). 

Strength of recommendation: agree strongly, 15%; agree, 
reservation, 70%; disagree, reservation, 10%; disagree strongly, 5%. 

Direct evidence is not available for the significance of 
heartburn as a secondary (that is, non-dominant) symptom 
Using likelihood ratios on the available data, 2 * the probability 
of GORD in the absence of predominant heartburn can be 
estimated to be 12%, 27 30%," and 34%,' 1 based on 50% 
probability of having GORD in all patients attending a 
secondary care dyspepsia clinic. A study of patients with a 
primary symptom of dyspepsia and secondary heartburn 
suggests that at least 13% of patients had endoscopically 
confirmed reflux oesophagitis. 2 * Assuming that patients with 
GORD have oesophagitis or endoscopy negative reflux disease 
in rougniy equal 'proportions, then these data also support a 
value of 25-30% -as an.'approximate estimate. 

Does the practice setting in which the diagnostic 
assessment is made influence the positive predictive 
value of GORD symptoms? 

(1.10) Of patients who seek advice in primary care about 
predominant heartburn, less than 70% will have reflux 
disease (nature of evidence: B). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 52%; disagree, reservation, 32%; disagree strongly, 16%. 

Data in primary care on this proposition are lacking, and 
the lack of direct evidence is compounded by variation in how 
reflux disease is defined, with most data based on endoscopic 
detection of oesophagitis, on pH monitoring, or response to 
PPI therapy. Additionally, the term "heartburn" is not used 
consistently in different settings. 

Editorial comment. The majority felt that the prevalence of 
GORD was likely to be lower in the primary care setting than 
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in a secondary care dyspepsia clinic. The positive predictive 
value of predominant heartburn will therefore also fall 
compared with that seen in secondary care studies. The 
value of 70% is nonsupported by direct data and is estimated 
using likelihood ratios and extrapolating from secondary care 
studies. 26 

Looking at the propositions above collectively raises some 
questions. The workshop participants agreed that in at least 
80% of patients consulting with heartburn as their predomi- 
nant symptom, this is induced by GORD (proposition 1.4). 
However, there is significant overlap between heartburn and 
epigastric pain (proposition 1.5), and participants agreed that 
patients with heartburn and epigastric pain find it difficult to 
describe their predominant symptom (proposition 1.7), 
although this can be helped by use of a word description 
(proposition 1.8). Opinion was divided on the proposition 
above (proposition 1.10) that of patients. Who seek advice in 
primary care about predominant hea^tburni less than 70% 
will have reflux disease. The responses^ these. propositions 
raise the issue as to from what perspective "predominant" 
heartburn is defined. Is a patient's self-reporting of heartburn 
as the predominant symptom adequate, or are appropriately 
trained clinicians more accurate? To help clarify this, a 
further proposition (proposition 1.11) was developed during 
the plenary session, which seeks to define predominant 
heartburn. 

(1.11) Predominant heartburn is defined as the most 
bothersome symptom based on a physician interview. 

Strength of recommendation: agree strongly, 31%; agree, 
reservation, 58%; disagree, reservation, 12%; disagree strongly, 0%. 

Taken together with propositions 3.13 and 3.14, a key 
recommendation from the workshop is that global clinical 
opinion, based on a technically adequate clinician interview, 
is the most accurate approach to the diagnosis of GORD, 
rather than relying on the patient's description of their 
predorninanl symptom. The positive predictive value of the 
symptom of predominant heartburn to detect GORD will still 
fall as the prevalence of GORD falls, even if a trained clinician 
assesses symptoms. 

(1.12) Less than 50% of people found to have heartburn of 
any severity by a population survey will have reflux disease 
(nature of evidence: E). 

Strength of recommendation: agree strongly, 4%; agree, reserva- 
tion, 75%; disagree, reservation, 17%; disagree strongly, 4%. 

There are few primary data to support this hypothesis and 
this is compounded by a lack of a gold standard test to 
diagnose GORD. It was felt that the prevalence of GORD was 
likely to be lower than seen in either primary or secondary 
care and that the positive predictive value of heartburn 
(particularly of any severity) will fall. 

Editorial comment. The implication of this proposition is that 
population surveys reporting the prevalence of "heartburn" 
in a general population may not be identifying GORD as 
accurately as studies in secondary care patient populations. 
This does not invalidate these studies but suggests the results 
should be interpreted with caution. Many people may report 
having heartburn but it may not be related to gastro- 
oesophageal reflux or if it is, it may not reach the threshold of 
severity required to define "disease". 

Are there any other symptoms that help make the 
diagnosis of GORD? 

(1.13) In people with predominant heartburn, this is more 
likely to be due to gastro-oesophageat reflux if regurgitation 
has also been noted (nature of evidence: D). 

Strength of recommendation: agree strongly, 13%; agree, reserva- 
tion, 35%; disagree, reservation, 52%; disagree strongly, 0%. 
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The even split in the vote reflects the paucity of studies in 
this area. Acceptance was based on clinical experience, while 
disagreement was due to a lack of evidence. A single study 
has reported the positive predictive value of symptoms versus 
pH testing in patients with symptoms suggestive of reflux 
disease. 29 The positive predictive value of heartburn was 59%, 
rising slightly to 66% when regurgitation was also present, 
although it was also 66% for regurgitation alone. Similarly, 
the positive predictive values were 70% for both heartburn 
and regurgitation using oesophageal .pH monitoring as 
the reference diagnostic test in patients with suspected 
reflux disease although this study does not provide data 
on the value of heartburn and regurgitation together. 11 
Consideration of this question is confounded by the need 
for a universal definition of regurgitation, and there are 
anecdotal reports that interpretation of the term may not be 
the same in different languages. This may be enhanced by 
use of a word description, as is the case for more reliable 
recognition of heartburn. 

Editorial comment. The uncertainty in this and other related 
questions emphasises the need for high quality, prospective, 
cross sectional surveys that carefully detail patients' symp- 
toms and correlate this with the final diagnosis reached. 

(1.14) Occurrence of reflux symptoms for more than six 
months is a confirmatory feature of GORD (nature of 
evidence: E). 

Strength of recommendation: agree strongly, 17%; agree, 
reservation, 61%; disagree, reservation, 1 7%; disagree strongly, 4%. 

Although there are no direct data to support duration of 
symptoms as being helpful in the diagnosis of GORD, 
acceptance by the majority of participants was based on 
the view that it makes clinical sense. Most clinical trials 
report the duration of GORD symptoms in terms of years 
rather than months, which is not helpful in assessing the 
proposition. 

Editorial comment. Two case control studies have shown 
that increasing duration of reflux symptoms increases the 
risk of developing oesophageal adenocarcinoma. 7 M This was 
taken as very indirect evidence supporting the proposition, 
under the assumption that part of the reason for this may be 
that chronic symptoms are more likely to be due to more 
severe GORD. Additionally, although no studies have directly 
addressed the proposition, it is in accordance with patients' 
experience, with most reporting symptoms for six months or 
more. The strength and consistency of the supporting 
evidence is probably underestimated. 

(1.15) In approximately 30% of patients with recurrent non- 
cardiac chest pain, this is caused by gastro-oesophageal reflux 
(nature of evidence: B). 

Strength of recommendation: agree strongly, 21%; agree, 
reservation, 75%; disagree, reservation, 4%; disagree strongly, 0%. 

Recurrent angina-like chest pain is a symptom of GORD 
although GORD and chest pain are linked through inter- 
mediary mechanisms that interfere with estabb'shing a cause- 
effect relationship. However, there was broad acceptance of 
gastro-oesophageal reflux as a cause of non-carcuac chest 
pain, and debate centred around the proportion of patients in 
which this is the case. Updating an analysis of cross sectional 
surveys in patients with non-caTdiac chest pain 51 with two 
subsequent studies" M shows that 200/947 non-cardiac chest 
pain patients (21%— from 14 studies) had endoscopicaUy 
confirmed oesophagitis, 423/1002 (42% — from 14 studies) 
had abnormal acid exposure time, and 278/787 (39% — from 
16 studies) had a positive association of chest pain with 
reflux episodes during pH monitoring. Evidence for an 
association between non- cardiac chest pain and GORD also 
comes from studies of the response of non-cardiac chest pain 
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to PPI therapy 33- " and laparoscopic surgery, 36 although the size 
of response varies between studies. The available data indicate 
that the prevalence of reflux induced, provoked, or otherwise 
related pain in the non-cardiac chest pain population is 
substantial, possibly representing 30-50% of patients. 

Editorial comment. A label of non- cardiac chest pain 
suggests the patient has had extensive cardiac investigations 
to exclude ischaemic heart disease. These patients, by 
definition therefore, are highly selected and there is likely 
to be further bias in those patients that are included in 
studies. While selection bias would lead to an overestimate of 
the proportion of patients in which GORD is the cause of 
non-cardiac chest pain, the data are likely to be valid for 
patients attending secondary care clinics. 

What symptoms and characteristics identify reflux 
disease patients who are at relatively high risk of 
having or developing serious complications from this? 
(1.16) Presence of dysphagia of any pattern should not be 
considered an alarm symptom (nature of evidence: C). 

Strength of recommendation: agree strongly, 8%; agree, reserva- 
tion, 31%; disagree, reservation, 15%; disagree strongly, 46%. 

The particularly broad spread in voting highlights differ- 
ences in interpretation of how to act on dysphagia of any 
severity, duration, or pattern of occurrence given the loose 
definitions of dysphagia used in the community. Some 78% 
of oesophageal cancer cases have dysphagia" but conversely, 
dysphagia is common in the community. A pooled analysis of 
six community surveys 16 " 32 58-40 done for the purpose of this 
workshop, involving 12 700 subjects, indicates a point 
prevalence of dysphagia in the community of 14%. 
Dysphagia is particularly common in patients with heart- 
burn, increasing in incidence with increasing frequency of 
heartburn. In five large randomised controlled esomeprazole 
trials, involving approximately 12 000 reflux oesophagitis 
patients, 37% had dysphagia but there were no cases of 
oesophageal malignancy. 41 Thus while dysphagia, when 
correctly evaluated, may indicate a risk of oesophageal 
malignancy (see the next proposition, 1.17), its presence 
per se may not necessarily be regarded as an alarm symptom. 

Editorial comment. The voting reflects concern that physi- 
cians may be too dismissive of dysphagia, and not sufficiently 
diligent regarding the duration and pattern of the symptom 
to decide whether or not it is an alarm symptom (see the next 
proposition 1.17). There is also a lack of consensus on how to 
elicit a symptom of dysphagia and how to assess its severity 
in clinical practice or research. When a patient reports 
dysphagia, either spontaneously or in response to a direct 
question from the physician, the physician should then go 
through a number of steps to filter those that require 
investigation. In other words, given the high level of self- 
reporting of dysphagia, it is appropriate that dysphagia of any 
pattern should not be considered an alarm symptom. Despite 
the vote of the workshop, the editorial group for the report 
believe that it is not appropriate to endoscope everyone who 
reports dysphagia, as it is very common, responds rapidly to 
treatment, and is not associated with a level of risk to justify 
screening. Lack of adequately researched evidence on how to 
identify patients in whom dysphagia is of concern warrants 
study but conventional clinical wisdom is that in patients 
with newly appearing dysphagia, increasing severity of this 
symptom, or persistence of dysphagia despite therapy, this 
demands investigation. 

(1.17) Dysphagia is a useful indicator of risk for oesophageal 
malignancy, provided its duration and pattern of occurrence 
are also evaluated (nature of evidence: D). 

Strength of recommendation: agree strongly, 21%; agree, 
reservation, 71%; disagree, reservation, 8%; disagree strongly, 0%. 
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Broad acceptance of this puts the previous proposition in 
perspective. Three cross- sectional surveys have evaluated the 
role of dysphagia as an alarm symptom, and although they 
have limitations, the data indicate thai dysphagia is not a 
good predictor of the presence of cancer. 42 -* 5 Despite this lack 
of evidence, and although there are no reports detailing the 
impact of dysphagia pattern and duration on risk of cancer, 
the proposition was accepted on the grounds of clinical 
experience. This assumes that the time of onset, progression, 
and associated features, such as weight loss and family 
history, are evaluated. 

(1.18) Patients with reflux disease for more than five years 
are at an increased risk of long segment Barrett's oesophagus 
compared with a control population (nature of evidence: C). 

Stnngth of recommendation: agree strongly, 13%; agree, 
reservation, 71%; disagree, reservation, 17%; disagree strongly, 0%. 

The ideal study to support this proposition has not been 
done. Indirect supportive evidence comes from studies in pati- 
ents with reflux symptoms and frequent antacid users, 46 " 19 
and from studies reporting long duration of symptoms to be a 
risk factor for Barrett's oesophagus. 50 51 These data do not 
specifically highlight the five year timeframe but do suggest 
Barrett's oesophagus is associated with chronic reflux 
symptoms. 

(1.19) People who have had heartburn severe enough to be 
defined as causing reflux disease for more than five years are 
at an increased risk of oesophageal adenocarcinoma com- 
pared with a control population (nature of evidence: B). 

Strength of recommendation: agree strongly, 37%; agree, 
reservation, 56%; disagree, resenation, 7%; disagree strongly, 0%. 

Three case control studies have demonstrated an associa- 
tion between oesophageal adenocarcinoma and increasing 
duration of GORD symptoms, 730 " as well as increasing 
frequency of symptoms. 7 52 One study 7 used squamous 
oesophageal cancers as a second control group, so recall bias 
is unlikely to explain the association. 

(1.20) Classical Barren's oesophagus is present in less than 
1% of reflux disease patients younger than 50 years of age 
(nature of evidence: C). 

Strength of recommendation: agree strongly, 12%; agree, 
reservation, 76%; disagree, reseiyation, 12%; disagree strongly, 0%. 

"Classical" indicates long segment Barrett's oesophagus 
that is at least 3 cm in length. Supportive data for the 
proposition are limited. A prevalence of Barrett's oesophagus 
of 5% has been reported in patients aged 40-49 years, rising 
to 10% in those aged 50-69 years, although the study 
population .of Telatives of patients with Barrett's oesophagus 
was higrify stiectedfi^ipata from patients in the Mayo Clinic 
between 1976 antf 1&89 indicate that the prevalence of 
Barrett's oesophagus' i$0.41% in patients aged 30-49 years 
and 1.61% in those aged 50-69 years. 53 

Editorial comment. The implication from the voting on this 
proposition is that young patients with reflux symptoms do 
not need endoscopy to exclude Barrett's oesophagus, it must 
be noted however that most of the data is from all patients 
endoscoped rather than patients specifically with reflux 
disease. 

(1.21) Of patients with oesophageal adenocarcinoma in 
developed countries, more than 95% are older than 50 years 
of age. (nature of evidence: A). 

Strength of recommendation: agree strongly, 92%; agree, 
reservation , 8%; disagree, reservation, 0%; disagree strongly, 0%. 

There is geographical variation in the prevalence of 
oesophageal carcinoma but published data strongly support 
the proposition. 54 ** 0 
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(122) Compared to females, males with Barrett's oesophagus 
have greater than twice the risk of developing adenocarci- 
noma (nature of evidence: B). 

Strength of recommendation: agree stivngly, 48%; agree, 
reservation, 52%; disagree, reservation. 0%; disagree strongly, 0%. 

There is clear evidence to support this 7 54 6, " M although 
there are caveats to the interpretation of the epidemiology of 
oesophageal adenocarcinoma. There are some uncertainties 
about the nature of adenocarcinoma of the gastro-oesopha- 
geal junction. Some reports combine junctional and oeso- 
phageal body cancer, and coding conventions for junctional 
and oesophageal adenocarcinoma were altered in the 
1990s.* 0 65 The proposition relates to Barrett's oesophagus 
although it may understate the differentia] in risk between 
males and females in so far as the differential is probably 
greater for adenocarcinoma per se*. a£d most cases of 
adenocarcinoma are not preceded byi'BarretVs oesophagus 
diagnosed at endoscopy. • 

(1.23) Among patients over 50 years of age in primary care 
presenting with reflux symptoms for over five years, the yield 
of endoscopy in any year for detecting oesophageal adeno- 
carcinoma is less than 1 in 1000 (nature of evidence: B). 

Strength of recommendation: agree strongly, 46%; agree, 
reservation, 50%; disagree, reservation, 4%; disagree strongly, 0%. 

This is supported by publications reporting a risk of 
oesophageal adenocarcinoma in Barrett's oesophagus of 
approximately 0.5% per annum, 66 coupled with a prevalence 
of Barrett's oesophagus in patients with reflux symptoms of 
approximately 10%. The data are limited by differing 
definitions of Barrett's oesophagus, inclusion and exclusion 
of short segment Barrett's oesophagus, and different defini- 
tions of landmark features, such as the gastro-oesophageal 
junction. A prevalence of long segment Barrett's of 7% was 
seen in one study of asymptomatic patients attending 
colorectal cancer screening but this was a study in US 
veterans and was not felt to be generalisable. 67 

Future directions for research 

Statistical techniques have been developed that overcome 
many of the problems of not having a gold standard to diag- 
nose reflux disease. Future studies should use these techni- 
ques to assess the accuracy of heartburn to diagnose GORD in 
secondary and primary care populations. A comprehensive 
history should be taken in these studies so that the additional 
value of regurgitation and duration of symptoms can be eval- 
uated as well as assessing the overlap with epigastric pain. 

Most guidelines recommend that patients with dysphagia 
should have endoscopy. This would entail endoscoping 14% 
of the entire population given the high prevalences of reflux 
disease and dysphagia. Direct assessment of the additional 
value of the duration and pattern of occurrence of dysphagia 
would be helpful in reiming our perception of dysphagia and 
risk of neoplasia. 

The risk of Barrett's oesophagus and oesophageal adeno- 
carcinoma with increasing duration and severity of heartburn 
has now become established but this important finding is 
based on only a few studies. Further studies evaluating these 
associations in different populations would therefore be useful. 

2. ASSESSMENT OF REFLUX SYMPTOM SEVERITY: 
PROPOSITIONS, VOTING, DISCUSSION, AND 
COMMENTARY 
Introduction 

Translation of the results of clinical research studies into 
clinical practice is a significant challenge. For the patient 
presenting in clinical practice, several questions need to be 
addressed in order to determine optimal therapy. Are 
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symptoms reflux related and, if so, are they typical or 
atypical? Are symptoms mild or severe, and are they 
associated with reduced quality of life or oesophageal 
damage? If treatment is warranted, will it be effective in 
the short and long term? Should the response to treatment he 
complete or satisfactory to the patient? These may not be the 
same thing and, furthermore, it is not clear that the measure 
of response should be equivalent for all symptoms. 

For initial therapy, there are two major strategies— start 
high with daily PPI or at a lower level with daily H 2 receptor 
antagonists. Experience with testing these options in the 
CADET-HR study underlines the difficulties of translating 
outcomes from clinical trials such as this into clinical 
practice. The different measures of symptom response used 
in this study gave different estimates of the extent of the 
superiority of omeprazole over ranitidine." Greatest differ- 
entiation was seen if absence of reflux induced symptoms 
was used but the absolute response rate was lower. 

The same uncertainties about the most relevant outcome 
measures also apply to the evaluation of reflux symptom 
relapse during long term management. For instance, the 
CADET-HR study found that the number of heartburn free 
days gave the greatest differentiation between on-demand 
omeprazole or ranitidine therapy compared with slightly 
different versions of "unwillingness to continue". 65 

Data such as these underline the difficulties experienced 
when translating the results of clinical trials into clinical 
practice, and the need for guidance when assessing reflux 
symptom severity. However, identification of these difficul- 
ties raises many questions. For example, should it be 
symptom severity, duration, frequency, or "density" that is 
assessed? Should the response to therapy be documented as 
complete abolition of symptoms or adequate control of 
symptoms, and should the response be assessed by the 
clinician or by the patient? Is heartburn the only symptom 
that should be assessed and, if not, what other symptoms are 
relevant? These and other issues were addressed in this 
session of the workshop, and the outcome of the delibera- 
tions will be presented under five topic categories. 

• How should treatment response be measured in reflux 
disease? 

• Which of the typical reflux symptoms should be measured 
to assess treatment response? 

• What are the outcome variables for long term therapy? 

• Are there symptom patterns that predict outcome for 
therapy of reflux disease? 

• How should extra-oesophageal symptoms, ascribed to 
reflux, be monitored during therapy? 

Propositions, voting, and discussion 

How should treatment response be measured in 

reflux disease? 

(2.1) In clinical trials, the proportion of patients who have 
been free of heartburn for one week prior to assessment is the 
optimal end point for assessment of symptom response 
(nature of evidence: B). 

Strength of recommendation: agree strongly, 22%; agree, 
reservation, 44%; disagree, reservation. 33%; disagree strongly, 0%. 

Placebo controlled clinical trials of antisecretory therapy in 
patients with endoscopy negative GORD have shown that the 
differential between active treatment and placebo increases 
from an end point of "did study medication give sufficient 
control of your symptoms", 22 70 to "adequate control of 
heartburn (one day with episodes of mild heartburn in the 
last seven days)",* 71 to "absence of heartburn at four weeks 
(no heartburn in the last seven days)". 7 ? 72 In other words, 
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the placebo response decreased with increasing stringency of 
the end point. 

However, because more than 90% of patients accept up to 
one day of mild heartburn during treatment as sufficient 
control of their heartburn (see fig 1 ),* a significant number of 
workshop participants voted to "disagree with the proposi- 
tion with reservation". Counter to this, it was noted that in 
the USA at least patients are willing to pay more for absence 
of symptoms/ 3 suggesting that classification of a response as 
sufficient docs not mean that patients do not want, or should 
be denied, more effective therapy. 

This poses a fundamental question: should the end point in 
clinical trials be optimal for the patient or, for example, 
optimal for discriminating between treatments? The majority 
view was that what patients accept is not necessarily optimal 
as a clinical trial end point, in part because acceptance may 
depend on other factors in addition to the frequency and 
severity of symptoms. It was felt that an end point, defined as 
"no episodes of heartburn during the last seven days of study" is 
attractive as it is rigorous, unambiguous and, therefore, 
methodologically sound. A one week timeframe was considered 
to be reasonable for standard clinical study durations although 
it may not be appropriate for shorter studies intended, for 
example, to assess the rapidity of symptom improvement The 
advantages of using a one week timeframe for an end point are 
that it results in low placebo response rates and that it provides 
the patient with an internal standard of the best possible care. 
In addition, an end point of complete absence of heartburn at 
four weeks predicted healing in patients with reflux oesopha- 
gitis, 17 74 75 and predicts subsequent symptom status while on 
PPI therapy. 7 * 

Editorial comment. In clinical trials, complete absence of 
symptoms for a predefined time period provides a clear 
reproducible end point that allows comparison between 
studies. There were however concerns that this end point is 
too stringent and too far removed from clinical practice. 
Consequent discussion in the workshop identified that a less 
stringent end point (for example, less than two mild 
symptom episodes in the prior week) may be an acceptable 
measure of symptom response in clinical practice. 

The discussion of this proposition did not address a precise 
definition of "absence of symptoms" but it is worth noting 
that terms used in recent oesophagitis healing studies, 17 74 75 
"complete resolution of heartburn" (investigator assessment 
of symptoms over the previous week) and "sustained 
resolution of heartburn" (patient diary card record of 
symptoms on the previous seven days), led to somewhat 
different estimates of treatment efficacy within the same 
studies. Both measures are consistent with the above 
proposition and, although the difference in reported outcome 
may reflect discrepancies arising from patient self-assess- 
ment compared with investigator assessment (discussed in 
proposition 2.8, below), it is necessary to ensure that all 
clinical trial end points are defined as precisely as possible. 

(2.2) In clinical practice, patient satisfaction with improve- 
ment in reflux symptoms is the optimal measure of response 
to therapy (nature of evidence: D). 

Strength of recommendation: agree strongly, 8%; agree, reserva- 
tion, 32%; disagree, reservation, 32%; disagree strongly, 28%. 

Patient satisfaction with improvement in reflux symptoms 
was seen to be an intuitively meaningful measure of 
treatment response. However, the very limited relevant data 
available from clinical practice indicate that there may be 
little difference in patient satisfaction with respect to the 
extent of symptom reduction (see section 4). Additionally 
there are measurement issues with the data available, such as 
use of single item measures, response bias, and acquiescence 
bias. The majority of participants therefore questioned 
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whether patient satisfaction with improvement in reflux 
symptoms has actually been shown to be the optimal 
measure, especially given the lack of validated tools for 
measurement of satisfaction. In addition, a confounding 
factor is that patient satisfaction is related to their expecta- 
tions prior to therapy. The challenges associated with 
measurement of patient expectation and satisfaction are 
addressed in more detail in a later section. 

(2.3) In clinical practice, assessment of symptom response 
using daily diaries is feasible (nature of evidence: C). 

Strength of recommendation: ague stwngly, 8%; agree, reserva- 
tion, 0%; disagree, reservation, 12%; disagree strongly, 81%. 

(2.4) In clinical practice, it is useful to assess symptom 
response with daily diaries (nature of evidence: C). 

Strength of recommendation: agree strongly, 8%; agree, menta- 
tion, 4%; disagree, reservation, 23%; disagree strongly, 65%. 

Although the value of daily diaries was recognised in the 
workshop, their use was not considered to be practicable in 
clinical practice. Daily diaries have been used extensively in 
the clinical trial setting, providing valuable data and high 
diary response rates have been reported (see McColi 3 in this 
supplement (page iv49-iv54)). In clinical practice however, 
accuracy and compliance are likely to be poor. Diary card 
records of peak flow measurements by asthma patients have 
been reported to contain at least one discrepancy in 75% of 
cases 7 ' although this may reflect poor compliance with peak 
flow measurements as much as poor compliance with the 
process of completing a daily diary. In addition, actual 
compliance with paper diaries has been shown to be only 11% 
compared with the 90% compliance that was reported by 
patients, and "hoarding" (when the patient fills in the diary 
at the end of the week, for example) was common, although 
the study which generated these data employed a rigorous 
protocol, requiring four diary entries per day. 78 Actual 
compliance was 94% when electronic diaries were used but 
this is not currently practicable for broad use in clinical 
practice. While the use of daily diaries in clinical practice was 
not seen to be practicable, the second proposal was not 
rejected as strongly. 

Editorial comment This discussion reflects the view that 
daily diaries may still be qualitatively useful in clinical 
practice in helping assess efficacy of therapy in selected 
patients, and as a tool to facilitate clinician/patient commu- 
nication. (See also McColP in this supplement (page iv49- 
iv54) for discussion of diary cards.) 

(2.5) In clinical trials, a modified Likert scale is superior to a 
visual analogue scale for measurement of symptom status 
(nature of evidence; C ) . 

Stmgih 'df ' re^ agree strongly, 31%; agree, 

reservation, 65%; disaflee, reservation, 4%; disagree strongly, 0%. 

Comparison of modified Likert scales and visual analogue 
scales (VAS) has shown that it is time consuming to train 
patients to use a VAS, and that it makes more sense to 
patients to discuss changes on a 1-7 point modified Likert 
scale than in terms of a 10-20 mm change on a 100 mm 
VAS. 7 ** A VAS is also more difficult to complete for the 
illiterate and the elderly.* 0 ei 

Editorial comment. The level of evidence was perhaps 
underestimated in the discussion. A detailed review of the 
literature (see also Wyrwich and Staebler Tardino, 4 in this 
supplement (page iv45-iv48), for discussion of VAS versus 
modified likert scales) suggests that there is reasonable 
evidence to support the proposition. 

(2.6) In clinical trials, seven is the optimal number of 
response options in a modified Likert scale for measurement 
of symptom status (nature of evidence: C). 
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Strength of recommendation: agree strongly, 30%; agree, 
reservation, 63%; disagree, reseivation, 7%; disagree strongly, 0%. 

A seven point adjectival scale allows identification of small 
but clinically relevant changes and is suitable from a 
psychometric point of view. A change of 0,5 points on a 
seven point scale has been shown to be clinically relevant in 
GORD using the gastrointestinal symptoms rating scale 
(GSRS) reflux dimension. 82 Five point scales were discussed 
as a simpler alternative 63 but these have not been validated in 
GORD, and have the drawback that more patients are likely 
to choose the midpoint than with a seven point scale. Seven 
point scales are probably optimal but they need more 
extensive validation in reflux disease, particularly when 
translated into other languages. 

Editorial comment. Taking propositions 2.5 and 2.6 together, 
the conclusion is that validated outcome measures with 
established responsiveness should be Applied in clinical trials, 
and moreover that a seven point modified Liken scale should 
be used to assess symptom outcomes, father than .dichoto- 
rnous "yes/no" scales, other scale gradings*, or VAS. Most 
clinical trials to date have used four point scales, which is 
probably suboptimal. 

(2.7) In clinical trials, a symptom improvement score of 0.5 
on a seven point modified Likert scale over placebo is the 
minimally important difference (nature of evidence: C). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 23%; disagree, reservation, 46%; disagne strongly, 31%. 

There are limited data to support the proposition as it 
relates to global symptom improvement but existing data 
support the notion that a change of 0.5 is a minimal clinically 
important difference with respect to the reflux dimension of 
the GSRS. Furthermore, there are data to support an 
improvement score of 0.5 on a seven point modified liken 
scale as a rninimally important difference using specific 
quality of life scales. Mean changes in the QOLRAD scale 
have been shown to correlate with overall treatment effect 
classifications, according to a seven point modified Likert 
scale." 

Editorial comment. The level of evidence is probably under- 
estimated in that the cited studies do provide evidence in 
support of the clinical relevance of an improvement of 0.5 
points. However, despite initial validation studies, 114 data are 
not available to confirm that a change of this magnitude is a 
minimal clinically important difference for global symptom 
scales. 

(2.8) Patient self-report of reflux symptoms is more appro- 
priate than clinician assessment in measuring treatment 
effect (nature of evidence: C). 

Strength of recommendation: agree strongly, 44%; agree, 
reservation, 41%; disagree, reservation, 11%; disagree strongly, 4%. 

In general, there is only weak correlation between patient 
and clinician assessment of symptom severity. 85 Analysis of 
the AstraZeneca clinical trial database in GORD 85 shows fair 
to moderate agreement between investigators and patients, 
with better agreement at the lower end of the symptom 
severity continuum. However, clinicians tended to under- 
estimate symptom severity and, although this may be 
partially due to interpretation of heartburn, the same pattern 
was seen across the range of GORD symptoms and has been 
reported generally for other conditions. 85 As it is the patient, 
not the clinician, who experiences symptoms, it was agreed 
that more weight should be assigned to the patient's 
assessment. This proposition relates only to the assessment 
of symptom severity and treatment effect for defined 
symptoms. The assessment of symptoms for diagnostic 
purposes may require greater input from the clinician. 
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Editorial comment. See McColP in this supplement (page 
iv49-iv54) for a more detailed discussion of clinician versus 
patient assessments. The recommendation that self-reported 
measures of reflux symptoms are preferable to physician 
based measurement in clinical trials is an important concept. 
It reflects the reality that the physician's assessment is, of 
necessity, based on the patient's self assessment and that 
there is, therefore, no a priori reason to accept the physician's 
assessment preferentially. However, tins recommendation is 
distinct from the recommendation that global clinical 
opinion, based on a technically adequate clinician interview, 
is the most accurate approach to the diagnosis of GORD (see 
propositions 1.1 1, 3.14, and 3.13). Diagnosis is more complex 
(see proposition 1.11 which specifies the physician interview 
as the means of diagnosing predominant heartburn) than 
assessment of therapy. While patients may find it difficult to 
describe or define their predominant symptom (see proposi- 
tion 1.7), self-reporting of symptoms following therapy is 
much simpler, as it involves a predefined symptom scale or a 
dichotomous "yes/no" response and a baseline comparator. 

(2.9) Measurement of heartburn severity does not provide arty 
additional information to the measurement of heartburn 
frequency in assessing response to therapy (nature of 
evidence: C). 

Strength of recommendation: agree strongly, 0%; agree, reseiva- 
tion, 8%; disagree, reservation, 46%; disagree strongly, 46%. 

Both symptom frequency and severity are important in 
assessing response to therapy. An analysis by Sharma and 
colleagues 1 in this supplement (page iv58-iv65), indicates 
that frequency is a more sensitive and conservative measure 
than severity of symptoms but that severity correlates better 
with healing of oesophagitis, although the data are sparse. 
Measurement of frequency of heartburn alone risks under- 
estimating the impact on the patient of infrequent but severe 
episodes exemplified by nocturnal heartburn with choking or 
severe non-cardiac chest pain. Given that more than one 
episode of mild heartburn per week is not acceptable to 
patients (see fig 1), both severity and frequency are 
important to the patient. 

Editorial comment. It is important to emphasise that this 
proposition addressed the relationship between symptom 
characteristics and the response of symptoms to treatment. It 
did not address the relationship between symptom char- 
acteristics and the presence or persistence of oesophagitis in 
response to therapy. 

(2.10) Both frequency and severity of heartburn should be 
measured on therapy, using validated scales, in clinical trials 
where heartburn is the primary entry criterion. 

Strength of recommendation: agree strongly, 59%; agree, 
reservation. 37%; disagree, reservation, 4%; disagree strongly, 0%. 

Editorial comment. Acceptance of this proposition is a 
corollary of the rejection of the previous proposition. As 
frequency and severity may vary independently in some, if 
not all, patients, it is important to measure changes in both 
when assessing a patient's response to therapy. 

Which of the typical reflux symptoms should be 
measured to assess treatment response? 

(2.11) In clinical trials, there is no need to monitor alt reflux 
symptoms in patients with typical symptoms since heartburn 
response is associated with response of other symptoms 
(nature of evidence: C). 

Strength of recommendation: agree strongly, 4%; agree, reserva- 
tion, 19%; disagree, reservation, 63%; disagree strongly, 15%. 

An analysis by Sharma and colleagues 1 in this supple- 
ment (see page iv58~iv65) indicates that absence of heart- 
bum correlates with absence of regurgitation, and with 
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absence of dysphagia. However, this is based on patient 
groups, and il is not known if this applies in individual 
patients. Indeed, the severity of regurgitation and heartburn 
does not correlate in all patients. Different reflux related non- 
heartburn symptoms may be present in different patients. 
For example, in a recent study, acid regurgitation (72.6%) 
was significantly more prevalent than epigastric pain 
(50.0%), retrosternal pain (47.1%), retrosternal tightness 
(33.2%), or nausea (36.5%), and these symptoms responded 
differently to therapy. 85 Thus monitoring heartburn alone 
risks missing improvement or worsening of other symptoms 
attributable either to the disease process or to therapy. 

Editorial comment. Symptoms other than heartburn should 
be monitored in clinical trials. One difficulty is that although 
patients may have reflux symptoms other than heartburn, it 
is heartburn that is the enrolment criterion for most studies 
of therapy in GORD, and change in heartburn severity or 
frequency is the primary symptomatic outcome. Thus studies 
are not generally designed or powered to examine the effect 
of therapy on other symptoms or to correlate changes in 
heartburn with changes in other symptoms. In addition, 
most data are from acid suppression trials in which 
regurgitation and dysphagia both respond to therapy. 
However, symptoms that may respond to or develop as a 
result of other medical, surgical, and endoscopic treatments 
should also be monitored in clinical trials. 

(2.12) In clinical practice, regurgitation should be evaluated 
routinely (nature of evidence: E). 

Strength of recommendation: agree strongly, 31%; agree, 
reservation, 69%; disagree, reservation, 0%; disagree strongly, 0%, 

(2.13) In clinical trials, regurgitation should be evaluated 
routinely (nature of evidence: C). 

Stivngth of recommendation: agree strongly, 30%; agree, 
reservation, 44%; disagree, reservation, 19%; disagree stimgly, 7%. 

Despite an absence of data, routine evaluation of regur- 
gitation was recommended in both clinical practice and 
clinical trials as it does not necessarily occur in all patients 
with heartburn, and vice versa. 86 Further analyses of data 
from Belgium,' 7 undertaken specifically for the workshop, 
show that in patients with no or mild heartburn, moderate or 
severe regurgitation is present in some 5% of patients in 
primary care and 16% in the specialist setting. Regurgitation 
is an important symptom of reflux disease that should be 
measured. 

Editorial comment. Assessment of regurgitation may also be 
hampered by the lack of standardised description, akin to the 
"word picture" of "retrosternal burning rising towards the 
throat" that was developed to standardise the description of 
heartburn. 25 As indicated above, different therapies may have 
different effects on these symptoms but the spread of voting 
in proposition 2.13 reflects recognition that the focus of the 
trial may not require monitoring of regurgitation. 

What are the outcome variables for long term 
therapy? 

(2.14) In clinical trials, a validated measure of patient 
satisfaction with heartburn control is an important outcome 
measure for evaluation of long term treatment (nature of 
evidence: D). 

Strength of recommendation: agree strongly, 15%; agree, reserva- 
tion, 38%; disagree, reservation, 42%; disagree strongly, 4%. 

Subjective measures of symptom response are essential, 
and if a validated measure of patient satisfaction with 
heartburn control were available, it could be a valuable 
outcome measure. However, the proposition is difficult to 
support as no validated instrument exists. A systematic 
review of comparative studies of surgical and medical therapy 




Dent, Armstrong, Delaney, et al 



for GORD highlights die numerous outcome measures that 
have been assessed, including patient satisfaction, but no 
unifying outcome was expressed, and the results were too 
heterogeneous for meta-analysis." A study of post-surgical 
symptoms following open and laparoscopic antireflux surgery 
snowed discrepancies between whether patients would 
recommend the surgery (similar for both procedures), and 
their reported satisfaction (lower for laparoscopy) and failure 
rates (higher for laparoscopy). 89 "Willingness to con- 
tinue" 69 90 91 is probably not a valid or reliable measure of 
patient satisfaction, and global measures of efficacy do not 
reflect satisfaction accurately. Patients' expectations influ- 
ence their satisfaction with treatment and, as expectations 
may change with ongoing therapy, the assessment of 
satisfaction, on its own, is a poor measure of efficacy. In 
conclusion, a validated global measure of patient satisfaction 
and dissatisfaction is needed to compare outcomes of 
different therapeutic interventions. 

Editorial comment. A validated measure of satisfaction could 
provide a scale by which different treatment modalities could 
be compared, including surgery, endoscopic therapy, and 
different medical treatment strategies. This would be of value 
even though patient satisfaction is dependent, not only on 
symptom control, but also, among other things, on the 
knowledge and expectations of patients as well as treatment 
complications and costs. This opinion was confirmed by 
broad acceptance of a subsequent proposition to this effect 
( see proposition 4. 1 2 ) . 

(2.15) Unwillingness to continue treatment due to inadequate 
control of heartburn should be the primary outcome for 
clinical trials of on-demand therapy (nature of evidence: C). 

Strength of recommendation: agree strongly, 15%; agree, reserva- 
tion, 30%; disagree, reservation, 52%; disagree strongly, 4%. 

Disagreement with this proposition was based on the fact 
that willingness to continue is influenced by factors other 
than efficacy, a timescale is not specified, and that evidence is 
limited for this outcome measure. However, data from six 
month placebo controlled studies of on-demand therapy in 
patients with endoscopy negative GORD support the view 
that discontinuation in these studies is due to inadequate 
control of heartburn. 69 90 91 The primary end point was 
willingness to continue but separate evaluation of heartburn 
status shows that discontinuation was virtually entirely due 
to insufficient control of heartburn. Although not relevant to 
this proposition, which is specific to clinical trials of on- 
demand therapy, willingness to continue might be applicable 
to studies of regular maintenance therapy but it cannot be 
applied to surgical studies unless the concept could be tested 
and validated; as ."unwillingness to continue" after surgery 
vrfthoui'flie iise of syMementary therapy (medical, surgical, 
or endoscopic), Admeasure is needed that focuses more 
adequately on the xorilrol of reflux symptoms and is thus 
more broadly applicable, such as "satisfaction with control of 
heartburn", but see proposition 2.14 above. Further studies 
are required, preferably over time periods longer than six 
months, to define more precisely what are the reasons for 
and implications of a patient's "willingness to continue" 
therapy. That said, unwillingness to continue is currently a 
useful outcome measure for clinical trials of on-demand 
therapy. 

Editorial comment. One of the difficulties with the concept 
of "willingness to continue" is that it is hot known how it 
relates to symptom characteristics before, during, and after 
therapy. However, although there were concerns with "will- 
ingness to continue" as an end point, there are difficulties 
with alternative end points. Pragmatically, although it 
may not be the optimal outcome measure, willingness to 
continue is the main measure used currently for studies of 
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"on-demand" therapy, and it is also relevant to patient 
management in clinical practice. 

Disagreement with the proposition was, in part, because 
v/illingness to continue was seen to be influenced by factors 
other than sufficient control of heartburn. When this concept 
was reviewed, and inadequate control of heartburn was not 
specified as the reason for discontinuation, acceptance of the 
proposition increased (see proposition 2.16). 

(2.16) In long term on-demand trials, unwillingness to 
continue should be the primary outcome. 

Strength of recommendation: agree strongly, 4%; agree, reserva- 
tion, 54%; disagree, reservation, 29%; disagree shvngly, 13%. 

Despite the removal of heartburn as a qualifier to describe 
the reason for discontinuation, over 40% of participants still 
disagreed with the proposition. This may have been due to 
use of the phrase "unwillingness to teoatanue" rather than, 
for example, "happy to continue". H6j^evcr; there was also 
concern that patients may discontinue therapy because they 
fee) better and not because therapy has failed. 
"Unwillingness to continue" is a difficult concept which 
needs further study to define what patients understand by 
willingness and unwillingness to continue a treatment 
strategy, as well as the specific treatment related and 
treatment unrelated reasons why they might discontinue 
therapy. Outside of the context of clinical studies, it is also 
important to note that costs and "willingness to pay" on the 
part of the patient or a third party payer may be determinants 
of the patient's willingness to continue. 

(2.17) Assessment of treatment efficacy in long term 
therapeutic trials should include a record of the number of 
symptom free days (nature of evidence: D). 

Strength of recommendation: agree strongly, 12%; agree, 
reservation, 60%; disagree, reservation, 28%; disagree strongly, 0%. 

Heartburn free days is a sensitive measure of efficacy, 
albeit labour intensive, and although il is unlikely to be the 
primary outcome measure of a trial, it may provide a more 
patient centred measure than a change in symptom score. 
This has been demonstrated for the CADET-HR study** in 
which mean percentage of days spent heartburn free over six 
months was a greater differentiator of efficacy between 
omeprazole and ranitidine than willingness to continue, 
although the study was not designed to compare the two 
outcomes. "Symptom free days" is sensitive to the cumula- 
tive effects of treatment and a more sensitive measure of 
change than survival curves or symptoms at end point. 
Numerous practical questions remain however concerning 
the measurement of symptom free days. Should this be 
assessed by diary cards, retrospective assessment, telephone 
contact, or some other technology, such as an electronic 
diary? Should measurements be conducted daily throughout 
the trial, recognising that this is labour intensive, or should 
they be taken for a period prior to the end of the trial or 
rather at various time points during the trial, recognising that 
there are no guidelines as to when these assessments should 
be carried out? There was agreement that further research is 
needed to answer these questions. 

Editorial comment. Reservations were based in part on the 
fact that it may be impracticable, although not impossible, 69 
to use daily diary cards in long term studies, and that it is 
difficult to relate this back to clinical practice. However, if 
"willingness to continue" is similar between two treatments 
but there is a large difference in symptom free days, it 
suggests that "willingness to continue" is an insensitive 
index of treatment response or that it may be measuring 
something other than symptom control. Under these 
circumstances, there is an incentive for the development of 
a methodology to monitor symptoms on a regular basis, 
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partly to monitor symptom response to therapy and partly to 
identify appropriate patients for study. 

(2.18) When on-demand long term drug therapy is being 
studied in clinical trials, the consumption of medication 
during the trial should be recorded (nature of evidence: B). 

Strength of recommendation: agree strongly, 91%; agree, 
reservation, 9%; disagree, reservation, 0%; disagree strongly, 0%. 

Although not a primary measure of efficacy, consumption 
of trial medication should be recorded both for information 
on efficacy and for health economic evaluation. Use of rescue 
medication (for example, antacid consumption) should also 
be recorded as a measure of efficacy. Support for this comes 
from a considerable number of clinical trials of on-demand 
therapy.* 9 90 " The dose of trial medication taken, as well as 
frequency and tuning of dose, may provide useful informa- 
tion, including pathophysiological insights into patterns of 
relapse. 

Editorial comment. It was recognised that medication intake 
monitoring is impracticable in clinical practice but that it is 
useful in clinical research, despite the difficulties inherent in 
acquiring the data. The development of new technologies, 
such as "MEMS" (Medical Event Monitoring System) 
containers, 91 will facilitate monitoring of medication usage, 
and this should also provide important data for health 
economic studies. 

(2.19) The same outcome measures of symptom status should 
be used for trials of drug therapy, antireflux surgery, and 
other therapeutic interventions (nature of evidence: D). 

Strength of recommendation: agree strongly, 56%; agree, 
reservation, 33%; disagree, reservation, 11%; disagree strongly, 0%. 

The overriding argument is that there are increasing 
numbers of therapies, all for the same disease and, with a 
broader spectrum of GORD patients now being treated with 
surgery, it is very important that the same outcome measures 
be used to assess these different interventions. There is now 
experience of using the psychological general well being 
index (PGWBI) and the GSRS to assess the outcomes of 
surgery. Prelrealment symptoms need to be addressed 
more effectively in surgery trials, in particular to distinguish 
these background side effects from true surgery related side 
effects. 

Editorial comment. Reservations regarding the proposition 
were, firstly, that some additional outcome measures would 
be needed for surgical trials but not necessarily for medical 
therapy trials and, secondly, that the predictive values of 
these measures might vary between primary and tertiary care 
centres. As blinding is virtually impossible in trials of surgical 
therapy, it is particularly important that measures of 
symptom status be validated in both medical and surgical 
treatment populations. All different therapies should be 
assessed in the same manner to provide comparable data. 

(2.20) The proportions of patients taking drug therapies and 
the volume of their use following antireflux surgery or other 
therapeutic interventions are too imprecise for use as a 
primary efficacy measure in clinical trials (nature of 
evidence: D). 

Strength of recommendation: agree strongly, 71%; agree, 
i-eservation, 25%; disagree, reservation, 4%; disagree strongly, 0%. 

High rates of antisecretory drug use have been reported 
following antireflux surgery* 2 but this may be inappropriate 
use. 93 

Editorial comment. Although the proposition was accepted 
as written, medication use remains an important secondary 
outcome measure as it reflects an intention to treat outcome 
and it is important for health economic studies, particul- 
arly when comparing medical and surgical therapies. 
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Furthermore, there are few data on the proportions of 
patients in long term medical studies who may take their 
medication for reasons other than heartburn control. 

(2.21 ) Absence of heartburn after an initial course of therapy 
is a good predictor of freedom from oesophagitis (nature of 
evidence: A). 

Strength of recommendation: agree strongly, 85%; agree, 
reservation, 15%; disagree, reservation. 0%; disagree strongly, 0%. 

Recent comparative studies in patients with refiux oeso- 
phagitis have shown that absence of heartburn with 
esomeprazole corresponds with absence of oesophagitis in 
at least 80% of patients.' 7 74 - 76 Based on the analysis by 
Sharma and colleagues' in this supplement (see page iv58- 
iv65), correlation of absence of heartburn with healing of 
oesophagitis is excellent. Overeslimation of healing by the 
absence of heartburn is approximately 5% but this over- 
estimate rises to 28% when reduction in heartburn is used as 
a predictor of oesophagitis healing. Absence of heartburn 
thus seems to be a suitable surrogate marker for healing of 
oesophagitis during short term (4-8 week) therapy although 
this needs further investigation, particularly documenting 
clinician versus patient self-assessment of the absence of 
heartburn. 

Editorial comment. A qualifier to the conclusion from the 
analysis by Sharma and colleagues' in this supplement (see 
page iv58-iv65) is that absence of heartburn and healing of 
oesophagitis do not necessarily occur concurrently in the 
same patients, 94 Additionally, the nature of the evidence may 
be an overestimate because although the data are derived 
from randomised controlled trials, studies were not designed 
to assess the relationship between symptoms and healing in a 
randomised fashion. 

(2.22) Absence of heartburn during continuous long term 
therapy is a good predictor of freedom from oesophagitis 
(nature of evidence: A). 

Strength of recommendation: agree strongly, 87%; agree, 
reservation, 13%; disagree, reservation, 0%; disagree strongly, 0%. 

The systematic review by Sharma and colleagues' in this 
supplement (see page iv58-iv65), based on seven trials of 
antisecretory maintenance therapy, shows that absence of 
heartburn and absence of oesophagitis are well correlated. 
Absence of moderate to severe symptoms overestimated 
oesophagitis remission by approximately 9%. Similarly, in a 
meta-analysis of five randomised long term trials with 
omeprazole, asymptomatic relapse of oesophagitis was only 
found in 8.6% of patients.* 4 

Editorial comment. Again, as for proposition 2.21, the nature 
of the evidence may be an overestimate as studies were not 
designed to assess the relationship between recurrent 
symptoms and recurrent oesophagitis in a randomised 
fashion, even though these data were derived from rando- 
mised controlled trials. 

Are there symptom patterns that predict outcome for 
therapy of reflux disease? 

(2.23) Absence of heartburn after one week of PPI therapy 
predicts sustained symptom reduction after four weeks of 
therapy (nature of evidence: B). 

Strength of recommendation: agree strongly, 12%; agree, 
reservation, 88%; disagree, reseivation, 0%; disagree strongly, 0%. 

Pooled data from studies of esomeprazole in endoscopy 
negative reflux disease have shown that heartburn response 
during days 5-7 of the first week of therapy is the most 
discriminating predictor of treatment outcome although it 
was a secondary objective of the trials from which the data 
were derived. 95 Of patients who were heartburn free for days 
5-7 of treatment, 85% were heartburn free at week 4 while of 
patients with moderate or severe heartburn every day for 
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days 5-7, only 22% were heartburn free at week 4. 
Comparable data however are not available for patients with 
reflux oesophagitis. Also, the symptom response at four 
weeks may not be the gold standard because a proportion of 
patients who are symptomatic at four weeks may still become 
symptom free with more prolonged therapy. Knowledge that 
a patient responding at one week will continue to respond at 
four weeks is of value in clinical practice although the 
converse docs not apply; a lack of response at one week does 
not necessarily mean that the patient will not respond at four 
weeks. 

Editorial comment. Although early abolition of heartburn 
symptoms is predictive of a more sustained response, 
assessment of symptoms after one week of treatment 
probably has low specificity for the diagnosis of reflux related 
symptoms. This presumption should be tested prospectively, 
particularly because of widespread interest in the clinical 
potential of a "PPI test" or acid suppression test for the 
diagnosis of GORD and acid related disorders. 13 96 91 

(2.24) Nocturnal heartburn at baseline is an important 
predictor of failure of PPI therapy (nature of evidence: C). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 12%; disagree, reservation, 52%; disagree strongly. 36%. 

Indirect evidence indicates that nocturnal heartburn, 
although common, is not a predictor of relapse or PPI 
treatment failure. Studies with both rabeprazole" and 
esomeprazole* 9 have shown that improvement in daytime 
heartburn with PPI therapy is paralleled by improvement in 
nocturnal heartburn although this was a secondary study 
objective. An analysis of pooled studies with esomeprazole in 
a total of approximately 12 000 reflux oesophagitis patients 
shows that 42% had night-time symptoms at baseline. After 
four weeks of treatment, only 15% still had nocturnal 
heartburn. Although these data were part of a secondary 
analysis, they suggest that nocturnal heartburn improves in 
as many patients as does daytime heartburn. However, it may 
be that persistent nocturnal heartburn after initial therapy is 
more difficult to treat (or more troublesome to the patient) 
than persistent daytime heartburn, but tins does not 
necessarily mean that nocturnal heartburn is a predictor of 
treatment failure. 

(2.25) Patients with multiple symptom patterns at baseline 
have a lesser response to PPI therapy (nature of evidence: D). 

Strength of recommendation: agree strongly, 23%; agree, 
reservation, 73%; disagree, reservation, 4%; disagree strongly, 0%. 

Evidence in support of this proposition is limited. There are 
unpublished post hoc analyses of studies in endoscopy 
negaUve GQRD; patients which show that reflux symptoms 
respond i less' wfeill&pPI therapy in patients who have more 
non-heartbupri- symptoms, as assessed by the GSRS 
(AstraZeneca, data ohVile). The percentage of patients with 
absence of heartburn at four weeks is lower in patients with 
over 13 GSRS items, including, for example, diarrhoea, than 
in those with only one or two items. A minority of GORD 
patients have multiple unexplained symptoms which may be 
associated with other psychological distress and, in general, 
medical and surgical treatments have been shown to be less 
effective in somatising patients. 100 In addition, patients with 
uninvestigated heartburn dominant dyspepsia are less likely 
to respond to initial therapy if they have concomitant 
symptoms of irritable bowel syndrome." ,0 ' 

Editorial comment. This proposition raises a matter that is 
particularly important for the treatment of endoscopy 
negative reflux disease patients or patients with uninvesti- 
gated reflux symptoms. Proposition 2.11 addressed the need 
to monitor symptoms other than heartburn and, in clinical 
trials, it may also be necessary to consider a prospective study 
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of the role of other symptoms as predictors of treatment 
response. Again, as with proposition 2.24, there is no 
indication that the impact of multiple symptoms on outcome 
is specific to PPI therapy, or that they are predictive, 
specifically, of PPI treatment failure 

How should extra-oesophageal symptoms, ascribed 
to reflux, be monitored during therapy? 

(2.26) The response to treatment of extra-oesophageal 
symptoms caused by reflux occurs typically over weeks, 
rather than days (nature of evidence: E). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 60%; disagree, reservation, 32%; disagree strongly, 8%. 

The spread of voting reflects the lack of evidence, and 
support for the proposition was based largely on empirical 
clinical experience that prolonged therapy is of value. A 
single study has shown that astjlmfc. symptom scores 
continue to decline over three months during omeprazole 
therapy 102 but the data are based on loWjfttjertt fruiters and 
are confounded by the fact that responders had more severe 
baseline symptoms than non-rcsponders. Thus the symptoms 
of "responders" could just have been regressing to the mean 
with time, rather than therapy. Studies of treatment of 
suspected reflux laryngitis, 103 GORD related asthma, 104 and 
GORD and cough 105 have typically involved treatment of at 
least four weeks, and frequently longer, but the results are 
quite heterogeneous and confounded by the use of different, 
frequently high dose, therapies. 

Editorial comment. Ear, nose, and throat (ENT) symptoms in 
laryngitis patients, measured by the reflux symptom index 
(RSI) symptom scale, have been shown to respond to PPJ 
therapy within two months while those assessed by the 
reflux finding score (RFS) took 4r-6 months to respond, 
although these measures are not validated. 106 Thus the above 
data should be qualified by the comment that a four month 
difference in the time to response may reflect the measure- 
ment instrument rather than the disease. It should also be 
noted that even typical reflux symptoms do not necessarily 
respond rapidly, and that there is an increase in the 
proportion of erosive oesophagitis patients who achieve 
symptom reduction as treatment is continued up to four 
weeks, 1 * 73 74 and beyond, to eight weeks. 107 Tlius it is quite 
reasonable to suppose that reflux related respiratory tract 
symptoms may take many weeks to resolve. 

(2.27) The measurement tools needed to assess the treatment 
response of extra-oesophageal symptoms are different from 
those needed to assess the response of heartburn to treatment 
(nature of evidence: E). 

Strength of recommendation: agree strongly, 83%; agree, 
reservation, 17%; disagree, reservation, 0%; disagree strongly, 0%. 

There is little documentation for this proposition but extra- 
oesophageal GORD is quite different from traditional GORD. 
Heartburn, regurgitation, and oesophagitis are often absent 
in patients with extra-oesophageal GORD who may have 
multiple aetiologies for their extra-oesophageal symptoms 
and signs. Consequently, the measurement tools for these 
symptoms clearly need to be different from those used in 
traditional GORD patients. Potential objective parameters 
include peak expiratory flow rates, spirometry, ENT exam- 
ination, and cough meters. However, spirometry has not been 
shown to be useful, and interobserver variability is very poor 
for ENT examinations of the mucosa. 10 * Potential subjective 
parameters include questionnaires for asthma, cough, 109 and 
ENT complaints (such as the RSI and RFS), 106 but these 
require validation. This is an area requiring considerable 
further research, including the development of new validated 
measurement tools and a better understanding of the 



pathogenesis of oral, ENT, and respiratory conditions that 
are ascribed to gastro-oesophageal reflux. 

Editorial comment. Tools designed to measure the severity of 
symptoms, such as heartburn, are very unlikely to be valid in 
the assessment of dyspnoea, cough, wheezing, or dysphonia. 

Future directions 

Consideration of the practicalities of reflux symptom severity 
assessment summarised above defined many areas that need 
further study. 

One overriding dilemma relates to the definition of 
relevant reflux symptoms. Future research is needed into 
this. Many patients experience other symptoms, in addition 
to heartburn, and these symptoms may respond differently to 
therapy. To date, the majority of studies have concentrated 
on heartburn as the primary outcome variable. This is the 
most prevalent symptom and the one that responds most 
predictably to acid suppression therapy but other symptoms 
should also be assessed in conjunction with heartburn. One 
approach, to use a global outcome score, has the advantage 
that it would encompass the overall response to therapy. 
However, the disadvantage is that inclusion of symptoms 
that are less likely to respond to therapy may render the score 
less sensitive as a measure of treatment outcome. The use of a 
global score is complicated further by the fact that heartburn 
is a common, and possibly incidental, symptom in patients 
who may have many other symptoms of functional bowel 
disorders, including dyspepsia and irritable bowel syndrome. 
Prediction of a poorer response to PPI therapy by the presence 
of multiple symptoms (see proposition 2.25) indicates the 
need to determine whether patients with dominant heart- 
burn respond differently from those with non-dominant 
heartburn. Similarly, regurgitation may not respond as well 
to therapy as heartburn, and it will be important to conduct 
prospective studies of therapy in patients who have regur- 
gitation as their dominant or only symptom. 

There is a continuing need to improve the translation of 
clinical trial outcomes into clinical practice. Abolition of 
symptoms may be an important outcome in clinical research 
but it is an unrealistic expectation for many patients in day to 
day practice. In consequence, it will be important to define 
better the relationship between abolition of symptoms and 
clinically acceptable outcomes, including measures of patient 
satisfaction. 

As reflux symptoms vary considerably in severity and 
frequency between and within individuals, better techniques 
are needed (for example, using a personal digital assistant, 
mobile phone, or two way pager) for recording symptoms on 
a daily basis without the difficulties attributable to recall bias, 
compliance, or hoarding that hamper the use of a daily diary 
card. Modified likert seven point scales should also be 
validated across the spectrum of reflux related symptoms, 
including patients with heartburn dominant, heartburn non- 
dominant, and extra-oesophageal symptoms. Additionally, 
changes in symptom severity should be correlated with 
clinically relevant outcomes to define minimal clinically 
important treatment related changes for these other symp- 
toms. Related to this, "word pictures", akin to that developed 
to describe heartburn, are likely to help patients understand 
and report less typical symptoms of reflux disease more 
objectively and reliably. 

Assessment of outcomes in long term therapy of reflux 
disease is particularly difficult, partly because expectations 
appear to change during its therapy, and partly because of the 
range of different treatment options and strategies. "On- 
demand" medical therapy is a useful option for the manage- 
ment of milder or less frequent symptoms. There is a need for 
further research into the temporal pattern of symptom 
occurrences during such therapy and the factors that drive 
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"on-demand" use of medication. More needs to be known 
about the natural history of symptom recurrence in GORD, 
and the factors that determine a patient's willingness to 
continue an established management strategy, whether it be 
"on-demand" medical therapy or use/rejection of rescue 
therapy to treat recurrent symptoms after a surgical or 
endoscopic antireflux procedure. It seems reasonable to 
assess symptom free days and medication usage (including 
active therapy and rescue therapy) during long term therapy 
to determine treatment efficacy and the health economic 
implications of different management strategies. The practi- 
calities of making these measurements reliably are challen- 
ging, as these measures are subject, like daily diaries, to 
confounding by recall bias, compliance, and hoarding. Again, 
new technologies may avoid some of the difficulties 
experienced to date in acquiring these data. 

The pathophysiological mechanisms responsible for the 
generation of reflux symptoms, whether they be typical 
oesophageal symptoms or atypical extra-oesophageal symp- 
toms, are poorly understood. A better understanding of these 
mechanisms may help determine which patients will respond 
to therapy and will facilitate prospective studies to identify 
predictors of symptom response across the spectrum of reflux 
related diseases. 

In conclusion, assessment of symptom severity is funda- 
mental to the management of reflux disease but there is 
much still to be done to optimise the treatment of patients 
with this very common condition. 

3. QUALITY OF LIFE: PROPOSITIONS, VOTING, 
DISCUSSION, AND COMMENTARY 
Introduction 

Quality of life is a dynamic construct and therefore inherently 
difficult to assess as time of assessment will affect the 
responses given. Moreover, quality of life may not be 
adequately represented in the impact of the disease on a 
patient's daily activities, such as sleep and work, as assessed 
by quality of life questionnaires, but can be defined more 
broadly as the gap between a patient's expectation and 
experience. Furthermore, quality of life measures need to be 
patient centred rather than reflecting what clinicians think is 
important. 

Although there has been considerable discussion of the 
importance of patient quality of life as an outcome of therapy, 
surprisingly, it has rarely been assessed in clinical trials. The 
systematic review by Sharma and colleagues 1 in this 
supplement (page iv58-iv65) found that of 157 publications 
on long term medical therapy for GORD, 48 were eligible and 
from these, data were extractable from only 37. Of these, only 
three assessed patient quality of life, two using the PGWBI 
and one using SF-36. For short term therapy, 126 publica- 
tions were eligible, and data were extractable from 108, of 
which six measured quality of life. One publication used the 
PGWBI, one used SF-36, two used other generic measures, 
and two used disease specific measures. Thus of 174 eligible 
randomised controlled trials in GORD, only nine assessed 
patient quality of life as an outcome. 

If patient quality of life is to be a key outcome in clinical 
trials in GORD, guidance is needed on how best to measure 
and interpret changes in quality of life. Should measurement 
be based on utilities or domains, and should measures be 
generic or disease specific? If disease specific measures are 
used, are they really just symptom impact scores? In clinical 
practice, adaptation is often observed whereby patients adjust 
to the quality of life they have, so how practical is 
measurement of patient quality of life in clinical practice, 
particularly as it could be time consuming? Can quality of life 
measures be a substitute for symptom measures and will they 
serve to raise patient expectations? 
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These questions, relating to quality of life and symptom 
assessment in GORD, were addressed in the workshop under 
five topic areas. 

• Should generic or disease specific measures of quality of 
life be used in deternuning response to therapy in clinical 
trials? 

• How frequently should quality of life be measured in trials 
in reflux disease? 

• How should changes in quality of life be reported in trials? 

• Is "symptoms sufficient to impair quality of life" a 
meaningful concept for defining presence of reflux disease 
in clinical trials or practice? 

• Do quality of life measures correlate with other outcome 
measures? 

Should generic or disease specific measures of 
auality of life be used in determining response to 
therapy in clinical trials? 

(3.1) Disease specific measures of quality of life are more 
responsive to changes in the impact of reflux symptoms in 
response to therapy (nature of evidence: C). 

Strength of recommendation: agree strongly, 25%; agree, 
reservation, 71%; disagree, reservation, 4%; disagree strongly 0%. 

Generic measures, such as the SF-36, are less responsive to 
symptom improvement in GORD than disease specific 
questionnaires. 110 In the ProGERD study of esomeprazole 
therapy, the effect sizes (standardised means) in components 
of the SF-36 were approximately 0.3-0.5 compared with over 
1.0 with the disease specific QOLRAD instrument, 11 1 while 
the physical and mental components of the SF-36 were 
unable to detect changes in GORD patients treated with 
lansoprazole or ranitidine. 1 ' 2 A disease specific measure of 
quality of life should therefore be used to assess the impact of 
GORD symptoms in response to therapy. Addition of generic 
measures would serve to increase clinical trial burden 
considerably. 

(3.2) Generic measures of quality of life are appropriate for 
making comparisons of disease impacts across different 
diseases (nature of evidence: B). 

Strength of recommendation: agree strongly, 100%; agree, 
reservation, 0%; disagree, reservation, 0%; disagree strongly, 0%. 

The relative benefits and shortcomings of generic versus 
disease specific quality of life measures are well recognised," 5 
and while generic measures are appropriate for making 
comparisons across diseases, disease specific measures are, by 
definition, inappropriate for this purpose. There are numer- 
ous ex^plej of tjie use of generic measures, such as the 
SF-36 questtdnnair&^to compare the impact of diseases on 
quality of Me^fdf Sample, comparing GORD with heart 
failure and clinicaF depression. 1,4 115 

Editorial comment. There is clearly a trade off implied by the 
last two propositions. On the one hand, efficient trial design 
demands a responsive and, therefore, disease specific 
measure. On the other hand, if any comparison with other 
disease states is likely, a generic population validated 
measure, such as the EuroQol, should be used. These are 
particularly appropriate when health economic outcomes are 
being considered. 

(3.3) In clinical trials of reflux disease, measurement 
instruments must be validated for both the language and 
culture of participating patients (nature of evidence: B). 

Strength of recommendation: agree strongly, 37%; agree, 
reservation, 59%; disagree, reservation, 4%; disagree strongly, 0%. 

Some work has been done on multiple translations of the 
SF-36 questionnaire" 6 and the development of cross cultural 
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questionnaires. 1,7 Anecdotal evidence suggests that the 
QOLRAD instrument performs similarly in different coun- 
tries. However, validation of measurement instruments for 
different cultures is needed. Although expensive, formal 
translation may not be enough, given that wording is 
interpreted differently between countries, and language, 
responsiveness, and reliability all need validating. This may 
not be practical in every language and culture. Further 
research should determine a core set of items that could be 
used in cross cultural studies in the area of GORD. 

How frequently should quality of life be measured in 
trials in reflux disease? 

(3.4) Measurement of quality of life at baseline and at the 
end of initial therapy or at dropout is sufficient for clinical 
trials of initial drug therapy {nature of evidence: C). 

Strength of recommendation: agreb strongly, 19%; agree, 
reservation, 58%; disagree, mervation, diiagree strongly, 0%. 

The proposition would not be valid if patient quality of life 
showed significant variations during the course of therapy, 
rather than a progressive improvement. There are no data on 
daily quality of life in GORD patients treated with anti- 
secretory therapy but the few studies which have made more 
than one quality of life assessment after baseline support the 
view that there is a progressive improvement in patient 
quality of life during therapy. 1 1 *~ ,2 ° In the study by Talley etal 
in patients with endoscopy negative GORD treated with 
esomeprazole or omeprazole, GSRS symptom scores 
improved in parallel with QOLRAD scores, with no clinically 
significant differences at two and four weeks. In reflux 
oesophagitis patients treated with esomeprazole, 120 heartburn 
severity and QOLRAD scores improved dramatically at four 
weeks, with a small additional improvement at eight weeks. 
Measurement of quality of life at baseline and at the end of 
initial therapy or at dropout is probably therefore sufficient 
for clinical trials of initial drug therapy although measure- 
ment at dropout is an important qualification. 

Editorial comment. The dissenting opinion on this proposi- 
tion relates partly to the wording of "sufficient", and the lack 
of evidence from multiple time points rather than two time 
points. Dissenting opinion also relates to the use of disease 
specific or generic measures of quality of life and the nature 
of the intervention. While the evidence presented supports 
the proposition that quality of life improves with treatment, 
the evidence is limited to disease specific measures and 
continuous therapy. Generic measures may be subject to 
competing influences on quality of life during the course of 
the trial and adaptation may also occur, reducing the impact 
of health status change. In addition, intermittent therapies, 
such as on-demand therapy, may result in fluctuating quality 
of life. This concept is addressed by the following proposition. 

(3.5) For clinical trials of continuous long term therapy of 
any type, time based measurement (for example, at yearly 
intervals) of quality of life is the most appropriate indicator 
(nature of evidence: E). 

Strength of recommendation; agree strongly, 28%; agree, 
reservation, 64%; disagree, reservation, 14%; disagree strongly, 4%. 

(3.6) For clinical trials of intermittent long term therapy, 
event based measurement of quality of life is most appro- 
priate (nature of evidence: B). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 22%; disagree, reservation, 70%; disagree strongly, 7%. 

There is very little evidence with which to address these 
propositions, and recommendations must be based on expert 
opinion. Time based evaluations are adrninistratively con- 
venient and appropriate where quality of life is expected to be 
relatively stable over time although they may not capture the 
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variation in rekpsing-remitting conditions or on-demand 
therapies, particularly with less frequent assessments or 
smaller sample sizes. Time based evaluations are appropriate 
for comparison of two or more continuous long term 
therapies, with the reservation that the choice of assessment 
interval will depend on the nature of therapy, including 
surgery, and yearly intervals may not be adequate. 

Event based evaluations are less convenient to achriinister 
as knowledge is needed of when the event occurs, be it a 
clinical event or change in therapy. If appropriately timed, 
event based measurements are likely to be more responsive 
when quality of life is expected to fluctuate over time and, in 
theory, they are appropriate for comparison of intermittent 
therapies. However, the proposition was rejected because of 
problems with its practicability, and the potential for bias if 
event related measurement in one trial group led to a 
significant difference in the timing of measurements between 
groups. A further issue is what form of measurement to use 
for comparison of continuous and intermittent therapy. In 
this case, regular, and more frequent, time based evaluations, 
with a large sample size, maybe more appropriate than event 
based measurement. 

Editorial comment. The group quite consistently rejected the 
notion of event based measurement, preferring the alter- 
native option of more frequent measurement intervals, and 
accepting that some events might be missed. 

How should changes in quality of life be reported in 
trials? 

(3.7) Reporting ofsubscales in quality of life measures is the 
most responsive measure of change in trials provided that 
adjustment is made for multiple testing and end points are 
prespecified (nature of evidence: C). 

Strength of recommendation: agree strongly, 24%; agree, 
reservation, 68%; disagree, reservation, 8%; disagree strongly, 0%. 

Data from a single study of endoscopy negative reflux 
disease patients treated with esomeprazole or omeprazole 
indicate that subscales are more responsive than global 
scores." Subscales of the QOLRAD were highly responsive, 
and effect sizes were impressive. 

Editorial comment. This is to be expected, as GORD 
principally affects dimensions relating to pain, emotion, 
and physical function, having less effect on other dimensions. 
The effects on global scores are therefore somewhat diluted. 
This may be less so with disease specific measures, which 
focus more on aspects of quality of life relevant to particular 
diseases. 

(3.8) Reporting population derived QALYs (quality adjusted 
life years) is most appropriate for cost utility studies from the 
third party payer's perspective (nature of evidence: D). 

Strength of recommendation: agree strongly, 4%; agree, reserva- 
tion, 35%; disagree, reservation, 54%; disagree strongly, 8%. 

(3.9) Reporting patient derived QALYs is most appropriate for 
cost utility studies from the patient's perspective (nature of 
evidence: D). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 35%; disagree, reservation, 54%; disagree strongly, 12%. 

These were largely rejected because of the lack of adequate 
utility measures in GORD. Without these, the propositions 
cannot be recommended as "the most appropriate". 
However, the workshop recognised that there will be 
increasing pressure from health care and research ftinding 
bodies to incorporate utility measures in GORD studies, and 
various public health bodies are promoting QALYs for the 
measurement of health care. This cannot be ignored, and the 
lack of patient centred end points in studies is a drawback. 
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Further work is needed to define the appropriate means of 
eliciting utility measures in GORD. 

Editorial comment. QALYs are years of life multiplied by the 
utility of each year of life on a scale of 0 to 1, where } is 
perfect health and 0 is death. Thus 10 years of life at a utility 
of 0.5 would be 5 QALYs.' 11 The whole concept of "population 
derived" QALYs can be criticised in that the methods used to 
assess them are based on presenting scenarios to healthy 
individuals and ascertaining their expectation of the health 
state described, rather than their experience of the actual 
health state. Critique from the perspectives of cognitive 
psychology and sociology" 2 suggests that this is likely to be 
unreliable. The principal criticism is that subjects not directly 
experiencing the disease state fail to take adaptation into 
account. 

Is "symptoms sufficient to impair quality of life" a 
meaningful concept for defining presence of reflux 
disease in clinical trials or practice? 

(3.10) For clinical trials, symptoms are a more appropriate 
entry and outcome measure than quality of life measures 
(nature of evidence: C). 

Strength of recommendation: agree strongly, 65%; agree, 
reservation, 23%; disagree, reservation, 8%; disagree strongly, 4%. 

Although changes in some dimensions of quality of life 
measures, such as food and drink problems, are very 
important to patients, the magnitude of change of quality 
of life measures is not as great as change in heartburn 
symptoms." Thus while quality of life measures provide 
useful information, heartburn, and possibly regurgitation, are 
the most important entry and outcome measures for clinical 
trials in GORD. 

Editorial comment. Although symptoms were seen to be a 
more appropriate entry and outcome measure than quality of 
life measures in clinical trials, quality of life measures are of 
potential value if used to assess secondary outcomes. They 
may also provide information on any adverse impact of 
intervention. This was recognised in a further proposition 

(3.11) that was fully accepted. 

(3.11) A quality of life measure that is responsive and 
measures multiple dimensions validly should be used to 
assess secondary outcomes in clinical trials. 

Strength of recommendation: agree strongly, 69%; agree, 
reservation. 31%; disagree, reservation, 0%; disagree shongly, 0%. 

(3.12) For clinical practice, exploration of the impact of 
symptoms on patient quality of life is an important part of 
the assessment of adequate therapy (nature of evidence: E). 

Strength of recommendation: agree strongly, 38%; agree, 
reservation, 38%; disagree, reservation, 23%; disagree strongly, 0%. 

There is no evidence in the area of GORD to support this 
proposition but it has a strong theoretical basis in the ideas of 
holistic care, patient centeredness, and shared decision 
making. The only indirect evidence comes from a systematic 
review of the effect of formal decision aids on patient 
outcomes which found that they increased patient knowl- 
edge and reduced decisional conflict but did not increase 
satisfaction. 1 " The main reservation with the proposition was 
that quality of life parallels symptom assessment. However, 
quality of life may not be concordant with symptom control. 
Patients with good symptom control may have impaired 
quality of life (for example, due to dietary restrictions) while, 
conversely, patients may have a good quality of life despite 
residual symptoms because they have adjusted their expecta- 
tions. The marginal cost effectiveness of moving from 
minimal but tolerated symptoms to complete abolition will 
be very low, emphasising the value of exploration of the 
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impact of symptoms on patient quality of life, which should 
be routine clinical practice. 

(3.13) A self-administered quality of life questionnaire can be 
used in conjunction with a symptom score to assess the 
presence or absence of reflux disease (nature of evidence: E). 

Strength of recommendation: agree strongly, 0%; agree t reserva- 
tion, 4%; disagree, reservation, 85%; disagree strongly, 11%. 

No data exist to support this proposition. Quality of life is 
impaired in proportion to symptom severity 124 while GORD 
treatment improves symptom severity and quality of life 
proportionately. 82 

Editorial comment. In the absence of data demonstrating 
value of quality of life measurement on top of symptom 
assessment in the diagnosis of GORD, the additional burden 
cannot be justified, and the proposition was therefore 
rejected. Note that this is distinct from assessing the outcome 
of therapy where quality of life measurements do have a 
useful role. 

(3.14) A self-administered symptom scoring system used in 
conjunction with a quality of life questionnaire is more 
reliable than a global clinical opinion to assess the presence 
or absence of reflux disease (nature of evidence: E). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 0%; disagree, reservation, 19%; disagree strongly, 81%. 

The proposition implies that a self-administered symptom 
scoring system and quality of life questionnaire is better than 
clinical assessment, for which there are no data. Rejection of 
the proposition, though, assumes that the clinical interview is 
technically adequate in assessing the patient. 

Editorial comment. Taken together, propositions 3.13 and 
3.14 indicate that global clinical opinion, based on a 
technically adequate clinician interview, is the most accurate 
approach to the diagnosis of GORD, rather than a self- 
administered symptom scoring system for the patient, 
coupled with a quality of life questionnaire. This is a key 
recommendation and is consistent with proposition 1.11, 
which specifies the physician interview as the means of 
diagnosing predominant heartburn. 

Do quality of life measures correlate with other 
outcome measures? 

(3.15) Quality of life measures correlate well with frequency 
of heartburn (nature of evidence: C). 

Strength of recommendation: agree strongly, 25%; agree, 
reservation, 71%; disagree, reservation, 4%; disagree strongly, 0%. 

Unpublished data from the ProGERD study (AstraZeneca, 
data on file) support the proposition, showing a good 
correlation between the frequency of heartburn and the 
dimensions/ pf DQ&fee QOLRAD and SF-36 scales. 

; /■> 

(3.16) Quality of life tiikpsures correlate well with severity of 
heartburn (nature of evidence: A). 

Strength of recommendation: agree strongly, 48%; agree, 
reservation, 52%; disagree, reservation, 0%; disagree stivngly, 0%. 

Quality of life measures have been shown to correlate well 
with the severity of heartburn for the QOLRAD, ** PGWBI, 1 " 
and SF-36 scales. 12 ' The majority of data relate to the 
response to short term therapy, and data are required on 
long term changes in quality of life in relation to symptom 
severity, as well as symptom frequency, overall treatment 
effect, and patient satisfaction. 

Editorial comment. Although both these propositions (3.15 
and 3.16) were supported, the evidence was limited to one 
trial and one measure for heartburn frequency, and three 
trials for severity. Early reports of effects frequently suggest a 
stronger effect than is subsequently confirmed by later 
studies. Much more evidence is needed before it can be 
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implied that symptom response can be taken as a proxy for 
improvement in quality of life. 

(3.17) Changes in quality of life correlate well with patient 
satisfaction with treatment (nature of evidence: C). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 18%; disagree, reservation, 71%; disagree strongly, 11%. 

Data are available from one study to support a weak 
correlation between quality of life and patient satisfaction in 
GORD* 2 but quality of life scores have been reported not to 
predict patient satisfaction in reflux oesophagitis patients 
treated with on-demand therapy." 6 In other conditions, a 
lack of correlation has been reported for psychiatric care, 12 ' 
diabetes care, ,M and cancer nursing. 12 * Patient satisfaction is 
determined by age, anxiety, self-perceived health status, and 
expectations. It is also influenced by the process and overall 
quality of healthcare, and so a parent may have a good 
quality of life but poor satisfaction irtor example, they have 
had a long wait for endoscopy. Thus diQm^te cpjrrelaaon 
may not be expected between quality of life* and patient 
satisfaction. Patient expectation and satisfaction is addressed 
in more detail in the next paper. 

Future directions for research 

Many more randomised clinical trials need to include quality 
of life measures as an outcome. This would provide more data 
on the following areas. 

• Associations between symptom improvement, changes in 
quality of life, and patient satisfaction. Proposition 3.13 
was rejected on the basis that there is insufficient evidence 
to support incorporation of quality of life measurement 
into the disease definition of GORD. Support could come 
from well designed studies examining the relationship of 
symptom changes (both frequency and severity) with 
quality of life and patient satisfaction. It needs to be 
shown whether the addition of quality of life measure- 
ment adds anything to symptom measures. 

• Relationships between changes in disease specific 
measures and changes in commonly used generic quality 
of life measures. This is needed to help resolve the ten- 
sions between responsiveness, generalisability, and the 
burden on research subjects of being given multiple 
measures. 

• Role of quality of life measurement in the diagnosis of 
reflux disease. 

• Change in quality of life over time with different therapies, 
and without intervention. Propositions 3.5 and 3.6 showed 
that there was a great need to detennine when is the most 
appropriate time to assess quality of life in long term trials, 
particularly of intermittent therapy. 

• Effects of long term treatment on quality of life. 

In addition, the methodology of quality of life measure- 
ment itself faces challenges, particularly in the following 
areas. 

• More research in the translation of generic quality of life 
measures into utility based measures and QALYs, taking 
into account response shift. 

• • Simpler measures that might be used to audit the quality 
of clinical care. Proposition 3.14 was strongly rejected on 
the basis of an absence of a simple score that might 
augment a clinical interview. 

• More research on cross cultural and cross language 
validation of quality of life measures. Proposition 3.3 
was accepted with reservation owing to the lack of 
evidence as to the degree of validation required. 
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4. PATIENT EXPECTATIONS AND SATISFACTION: 
PROPOSITIONS, VOTING, DISCUSSION, AND 
COMMENTARY 
Introduction 

The three main determinants of a patient's satisfaction with 
treatment are clinical outcome, interpersonal care and 
relationship with the physician, and the physical environ- 
ment of the health care process." 0 In parallel with this, 
patient expectations can vary according to knowledge and 
prior experience, and can be changed by the physician, and 
may also change with accumulating experience. Moreover, 
patients new to a disease and the therapies available may not 
really know what their expectations are. Expectations are 
also affected by culture, socioeconomic status, personal 
values, attitudes, education, and knowledge. 

Given this dynamic, multifactorial nature of patient 
expectation and satisfaction, it is not surprising that 
presentation of patient satisfaction results alone, without 
the context of efficacy and safety results, can be misleading. 
Patients may be happy with the process of care (for example, 
access to physicians, the physical environment of the facility, 
etc), even though their state of health is no better following 
treatment. Conversely, a patient's health may be greatly 
improved by treatment but their satisfaction is low because 
they are unhappy with the process of care that they 
experienced. This is exemplified by data from 80 GORD 
patients following laparoscopic fundoplication. 151 Most 
patients responded to a global question regarding satisfaction 
by indicating they were satisfied despite persistent GORD 
symptoms or the development of new symptoms, such as 
dysphagia, which were severe enough to impair quality of life 
measured by a disease specific instrument. 

This underlines the potential lack of correlation between 
global patient satisfaction data and clinical outcomes. It also 
highlights the fact that patient satisfaction alone is an 
imperfect measure of disease management, particularly when 
patient expectations are low. In a cross sectional survey of 
chronic heartburn sufferers, 1 " 45% of patients treated with 
H 2 receptor antagonists and 58% of patients receiving PPIs 
were totally satisfied with treatment. The low rate of 
satisfaction with PPI therapy is surprising, given their high 
efficacy rates. The study did not address the causes of 
satisfaction and dissatisfaction. Did patients experience 
inadequate symptom control or were they not happy with 
the process or cost of care, and what were their expectations 
in the first place? This raises numerous questions about the 
role of patient expectation and satisfaction in clinical practice 
and clinical trials in GORD, and the validity of the 
instruments currently available in this area. 

Questions related to patient expectation and satisfaction, 
and symptom assessment in GORD, were addressed in the 
workshop under four topic areas. 

• Why is measurement of patient satisfaction important in 
reflux disease? 

• How should patient satisfaction be measured? 

• Are patients satisfied with current therapy for reflux 
disease? 

• How important are patient expectations in determining 
patient satisfaction? 

Propositions, voting, and discussion 

Why is measurement of patient satisfaction 

important in reflux disease? 

(4.1 ) Patient satisfaction is an important outcome measure in 
the treatment of reflux disease (nature of evidence: D). 

Strength of recommendation: agree strongly, 32%; agree, 
reservation, 50%; disagree, reservation, 14%; disagree strongly, 4%. 
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The proposition relates to routine clinical practice, rather 
than clinical trials, and recommends patient satisfaction as 
one of several outcome measures, not the sole measure. In 
this context, although there are no direct data to support it, 
the proposition is correct, since evaluation by the clinician of 
patient satisfaction, and definition of their expectations, is a 
routine clinical skill. It is intuitive to measure satisfaction 
with therapy, and to determine if reasonable expectations are 
being met. However, this has not been formalised into a 
validated tool with which to measure patient satisfaction in 
GORD. Such a formal measure needs to accurately reflect 
impacts of therapy, be referenced to appropriate patient 
expectations, and not be unduly influenced by psychological 
and functional variables that are not directly linked to reflux 
disease symptoms. It needs to be a validated standardised 
scale that can be compared across groups and studies. 

Editorial comment. It is clearly desirable to have a satisfied 
patient in clinical practice. This vote reflects the view that 
while it is a useful outcome measure it cannot be important 
until proper tools to evaluate it become available. This view is 
reflected also in the rejection of the propositions related to 
the use of patient satisfaction as outcome measures in 
assessing treatment response (propositions 2.2 and 2.14). 

(4.2) Systematic use of patient satisfaction data enables 
choices to be made between alternatives in the organisa- 
tion or provision of health care for reflux disease (nature of 
evidence: B). 

Strength of recommendation: agree strongly, 0%; agree, reserva- 
tion, 12%; disagree, reservation, 77%; disagree strongly, 12%. 

Conceptually, the proposition is acceptable, but practically 
it is not, and it was therefore rejected. Systematic use of 
patient satisfaction data is not possible in the absence of 
validated tools with which to measure it. 

Editorial comment. Patient satisfaction data are widely used 
by managed care organisations to provide comparisons 
between plans and physician groups. These may be useful 
measures of the process of care. There are no validated tools 
in GORD that can separate the process of care from clinical 
outcomes. This vote reflects the lack of confidence that 
patient satisfaction can replace clinical outcome data in 
making deterrninations about treatment choices for reflux 
disease. 

How should patient satisfaction be measured? 

(4.3) Patient satisfaction surveys require appropriate meth- 
odology and validated instruments (nature of evidence: B). 

Strength of recommendation: agree strongly, 96%; agree, 
reservation, 0%; disagree, reservation, 4%; disagree strongly, 0%. 

Current measures of patient satisfaction are inappropriate, 
as they have no conceptual model, few include qualitative 
patient data, they are mostly simple single item scales, there 
are problems with response bias, and psychometric data are 
limited. Consequently, they result in biased measurement 
and decreased ability to detect small but meaningful 
differences in outcome. The rationale for supporting the 
proposition is the potential value of a validated measure of 
patient satisfaction, which can provide an overall assessment 
of health care delivery from the patient's standpoint. 

Editorial comment. The nature of evidence may be an 
overestimate, as support of this proposition is largely based 
on expert opinion. Global estimates are useful to identify 
deficiencies in the process of care (scheduling of appoint* 
ments, wait times, responsiveness of staff, etc). 

(4.4) There are several important dimensions of patient 
satisfaction relevant to reflux disease treatment (nature of 
evidence: E). 
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Strength of recommendation: ague strongly. 30%; agree, 
reservation, 63%; disagree, reservation, 7%; disagree strongly, 0%. 

Treatment satisfaction in GORD decreases with increasing 
disease severity but there is a large disconnect between 
patient satisfaction and treatment outcome in that satisfac- 
tion is not related to the extent of symptom reduction (see 
Revicki 1 " in this supplement (page iv40-iv44)). Thus there 
are dimensions other than symptom reduction that relate to 
patient satisfaction in GORD. 

(4.5) As patient satisfaction is multidimensional questions 
related to these dimensions and disease focused questions are 
useful to evaluate different aspects of treatment (nature of 
evidence: D). 

Strength of recommendation: agree strongly, 14%; agree, 
reservation, 86%; disagree, reservation, 0%; disagree strongly, 0%. 

Indirect evidence for this comes from primary care studies 
which suggest that there are a number of dimensions to 
patient satisfaction. 1 34-1 " Studies that address patient satis- 
faction therefore require evaluation of all of these dimen- 
sions, and also need disease specific outcome measures to 
determine the outcome of treatment. 

Editorial comment. This vote emphasises the importance of 
measuring the many dimensions of patient satisfaction and 
also highlights the need for disease specific measures of 
clinical outcome. 

Are patients satisfied with current therapy for reflux 
disease? 

(4.6) Absence of symptoms is a major determinant of patient 
satisfaction with therapy (nature of evidence: D). 

Strength of recommendation: agree strongly, 11%; agree, reserva- 
tion, 18%; disagree, reservation, 64%; disagree strongly, 7%. 

There is a lack of evidence to support this proposition. 
Absence of symptoms is paralleled by improved quality of life, 
and patient willingness to pay is higher for absence rather 
than reduction of symptoms. 13 * However, there is a weak 
relationship between reduction of symptoms and patient 
satisfaction (Revicki ,M in this supplement (see page iv40- 
iv44) ). The proposition was therefore rejected by the majority 
of participants. 

Editorial comment. Although there is a correlation between 
reduction of symptoms and satisfaction, the correlation is 
poor because satisfaction measures other dimensions of care 
that are unrelated to symptom reduction. Patient satisfaction 
alone is therefore not a substitute for determiiung the 
absence of symptoms and vice versa. 

(4.7) In primary care, more than one third of patients are 
somewhat . 4issfftisfied with current prescription medical 
therapy 'Mature dfVevidence: C). 

Strength of r$commfy$ation: agree strongly, 9%; agree, reserva- 
tion, 86%; disagree c -resefvation, 5%; disagree strongly, 0%. 

Patient satisfaction with outcome of therapy is a function 
of symptom reduction rather than healing of oesophagitis. 
Approximately two thirds of reflux oesophagitis patients 
treated with PPIs have abolition of symptoms while rates of 
symptom reduction are generally lower in studies of 
endoscope negative reflux disease. As there is no good corre- 
lation between symptom response and patient satisfaction, 
this may not be directly relevant to the proposition. A single 
study by Crawley and Schmitt, based on a cross sectional 
survey of approximately 20 000 chronic heartburn suf- 
ferers, 137 lends some support to the proposition. Of the 
11 600 respondents, less than 60% were "totally satisfied 
with treatment" but not all the respondents were in primary 
care. 

Editorial comment. Hie causes of dissatisfaction have not 
been studied and may include the cost of therapy and the 
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difficulty experienced in obtaining effective therapy in 
managed care. There are no validated tools that can be used 
in this setting and acquiescence bias is a potential confound- 
ing factor. The Crawley- Schmitt study'" is interesting 
because it shows a difference between H 2 receptor antago- 
nists and PPls. Confounding factors should be similar in the 
two groups but access to PPI therapy is more difficult than to 
H 2 receptor antagonists in USA managed care settings. 

(4.8) Patients with reflux disease taking PPIs are more 
satisfied than patients taking H 2 receptor antagonists (nature 
of evidence: C). 

Strength of recommendation: agree strongly, 15%; agree, 
reservation, 65%; disagree, reservation, 19%; disagree strongly, 0%. 

The superiority of symptom control with PPIs compared 
with H 2 receptor antagonists is well established although the 
poor correlation between symptom\response and patient 
satisfaction may mean that this may ngtijie directly relevant 
to the proposition. The Crawley and Senmitt cross sectional 
survey 1 " again lends some support for the proposition, as 
58% of patients taJdng PPI therapy were "totally satisfied 
with treatment" compared with 45% taking H 2 receptor 
antagonists. 

Editorial comment. The small number of workshop partici- 
pants who disagreed with this proposition were uncertain if 
dissatisfaction rates in the H 2 receptor antagonist group were 
related to poor symptom control, managed care mandates on 
the choice of therapy, or other factors. There were reserva- 
tions about the Crawley and Schmitt study 132 because of the 
limited amount of information on satisfaction that was 
sought and the lack of data on the underlying disease 
(subjects were recruited from a pharmacy database). 

How important are patient expectations in 
determining patient satisfaction? 

(4.9) Patient expectations need to be evaluated and discussed 
before embarking on therapy (nature of evidence: E). 

Strength of recommendation: agree strongly, 76%; agree, 
reservation, 16%; disagree, reservation, 8%; disagree strongly, 0%. 

(4.10) Patient expectations may need to be modified before 
embarking on therapy (nature of evidence: D). 

Strength of recommendation: agree strongly, 75%; agree, 
reservation, 21%; disagree, reservation, 4%; disagree strongly, 0%. 

Patient satisfaction relates to how well their expectations 
are met. Indirect evidence of the impact on satisfaction of 
modifying expectation comes from a study of parents 
attending acute paediatric care who had a pre- visit desire 
for antibiotics to be prescribed.'" When this expectation was 
discussed with parents, and information provided that the 
expectation might not be appropriate at that point in time, 
parent satisfaction was greater after the physician encounter 
in which antibiotics were not prescribed. These data suggest 
that patients may have medically incorrect expectations 
based on poor information. If these are not anticipated, 
discussed, and modified, patient satisfaction may be poor 
although medical treatment may be entirely appropriate. The 
recommendations in. these two propositions are good for 
clinical practice. Care is needed in the conduct of randomised 
clinical trials of different treatment modalities to ensure 
that patient satisfaction results do not reflect improper 
expectations. 

Editorial comment. Recent studies on surgery"' suggest that 
patients with GORD undergoing surgery have incorrect 
expectations of the potential outcome. This vote reflects 
the importance of evaluating and addressing patient 
expectations. 
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(4.11) Measurements of patient satisfaction have not been 
given adequate emphasis in the evaluation of drug therapy of 
reflux disease (nature of evidence: B). 

Strength of recommendation: agree strongly, 52%; agree, 
reservation, 44%; disagree, reservation, 4%; disagree strongly, 0%. 

Of 152 articles identified in the systematic review by 
Sharma et al of outcome measures in reflux disease, only 
three randomised clinical trials (2%) measured patient 
satisfaction (Sharma and colleagues' in this supplement 
(see page iv58-iv65)). Where assessments have been made, 
they have not been adequate or validated. 1 " 140 This again 
underlines the need for validated instruments to measure 
patient satisfaction in GORD. 

Editorial comment. Tnis vote reflects the desire of most 
physicians to have a satisfied patient. Unfortunately, there 
are no validated instruments to perform such measurements 
at the present time. 

Approximately half of the participants disagreed with the 
proposition that, in clinical trials, a validated measure of 
patient satisfaction with heartburn control is an important 
outcome measure for evaluation of long term treatment 
(proposition 2.14), largely because no validated instrument 
exists. However, this clouds the issue that multidimensional 
validated satisfaction scales arc needed and that, when 
available, they will be of value. Tnis was confirmed by broad 
acceptance of a subsequent proposition (4.12). 

(4.12) A valid and responsive treatment satisfaction scale 
should be used to assess secondary outcomes in clinical trials 
in GORD. 

Strength of recommendation: agree strongly, 59%; agree, 
reservation, 33%; disagree, reservation, 7%; disagree strongly, 0%. 

(4.13) There is a virtual absence of rigorous evaluation of 
patients' satisfaction with antireflux surgery and other 
physical antireflux therapies (nature of evidence: B). 

Strength of recommendation: agree strongly, 81%; agree, 
reservation, 19%; disagree, reservation, 0%; disagree strongly, 0%. 

The Visick and modified Visick classifications have 
dominated the literature although they were designed for 
gastric ulcer surgery. They have not been validated in GORD 
and there is no uniform evaluation and no independent 
observer, as patients' satisfaction may often be assessed by 
the physician who performed the surgical procedure, which 
introduces a strong acquiescence bias. Global measures of 
patient satisfaction have not included a rigorous assessment 
of clinical outcomes. 

Editorial comment. This vote reflects the need for patient 
satisfaction outcomes to be considered along with functional 
and clinical outcomes in GORD. Patient satisfaction is a 
limited and secondary measure of the outcome of surgery in 
GORD, and must be considered with other outcome 
measures, such as symptom reduction, side effects, etc. 

(4.14) Patient satisfaction is a useful measure for the 
evaluation of treatment algorithms developed by funders of 
health care (nature of evidence: E). 

Strength of recommendation: agree strongly, 11%; agree, 
reservation, 52%; disagree, reservation, 30%; disagree strongly, 7%. 

Funders of health care may have a different agenda to 
patients. Switching of PPI maintenance therapy in GORD 
patients in a Veteran's Administration health care system 
resulted in significant cost savings but the majority of 
patients preferred the original PPI.' 4 ' While patient satisfac- 
tion may be one useful measure for the evaluation of 
treatment algorithms, provided it can be measured ade- 
quately, it is not the only aspect to be taken into account, and 
its hierarchy in relation to other aspects is currently unclear. 
However, there may be treatment algorithms put forward by 
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health care providers where patient satisfaction is the only 
way of addressing them. 

Editorial comment. The split vote reflects the fact that 
patient satisfaction may be too general a measure of a 
treatment algorithm, and that it may overemphasise the 
process of care. The lack of a validated instrument and 
absence of data correlating this measure with clinical 
outcome were causes for concern. Patient satisfaction data 
could be misused to drive less expensive and less effective 
therapy. 

(4.15) From the patient's perspective, the ideal outcome of 
therapy is the abolition of all symptoms, without the 
introduction of new ones from the therapy itself (nature of 
evidence: E). 

Strength of recommendation: agree strongly, 21%; agree, 
reservation, 71%; disagree, reservation, 7%; disagree strongly, 0%. 

Absence of symptoms .is paralleled by improved quality of 
life, and patient willingness to pay is higher for absence 
rather than reduction of symptoms.' 58 However, these studies 
do not directly address the proposition, which was accepted 
based on expert opinion. 

Editorial comment. While intuitive, this aspect of measure- 
ment has been neglected in many studies of surgery or 
endoscopic therapy. The impact of side effects that develop 
after the procedure can have a profound impact on quality of 
life 1 " that needs to be considered in the overall evaluation of 
the treatment modality. 

Future directions for research 

Several areas of future research were identified. There is a 
pressing need for validated instruments that measure patient 
satisfaction. There is a need to measure patient expectations 
of GORD therapy, and to deterrnine if patient expectations 
can be modified to adjust to the realities of the treatment 
available (for example, patients may desire a cure but may 
have to settle for maintenance therapy). Studies on surgical 
and endoscopic intervention have used the most rudimentary 
measures of patient satisfaction, and the development of a 
multidimensional disease specific instrument is a critical 
need to allow evaluation of these therapies. 
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OBJECTIVES: A globally acceptable definition and classification of gastroesophageal reflux disease (GERD) Is 
desirable for research and clinical practice. The aim of this Initiative was to develop a consensus 
definition and classification that would be useful for patients, physicians, and regulatory agencies. 

METHODS: A modified Delphi process was employed to reach consensus using repeated iterative voting. A 

series of statements was developed by a working group of five experts after a systematic review of 
the literature In three databases (Embase, Cochrane trials register, Medline). Over a period of 2 yr, 
the statements were developed, modified, and approved through four rounds of voting. The voting 
group consisted of 44 experts from 18 countries. The final vote was conducted on a 6-poInt scale 
and consensus was defined a priori as agreement by two-thirds of the participants. 

RESULTS: The level of agreement strengthened throughout the process with two-thirds of the participants 

agreeing with 86%, 88%, 94%, and 100% of statements at each vote, respectively. At the final vote, 
94% of the final 51 statements were approved by 90% of the Consensus Group, and 90% of 
statements were accepted with strong agreement or minor reservation. GERD was defined as a 
condition that develops when the reflux of stomach contents causes troublesome symptoms and/or 
complications. The disease was subclasslfled into esophageal and extraesophageal syndromes. 
Novel aspects of the new definition Include a patient-centered approach that is Independent of 
endoscopic findings, subclasslfication of the disease Into discrete syndromes, and the recognition of 
laryngitis, cough, asthma, and dental erosions as possible GERD syndromes. It also proposes a new 
definition for suspected and proven Barrett* esophagus. 

CONCLUSIONS: Evidence-based global consensus definitions are possible despite differences In terminology and 
language, prevalence, and manifestations of the disease in different countries. A global consensus 
definition for GERD may simplify disease management, allow collaborative research, and make 
studies more general izable, assisting patients, physicians, and regulatory agencies. 

(Am J Gastroenterol 2006;101:1900-1920) 



INTRODUCTION 

A number of guidelines and recommendations for the di- 
agnosis and management of gastroesophageal reflux disease 
(GERD) have been published in different countries, but a uni- 
versally accepted definition of GERD and its various symp- 
toms and complications is lacking (1-9). Reflux symptoms 
are common in primary care and GERD is frequently diag- 
nosed based on symptoms alone, but there is no consensus 
on the distinction of GERD from dyspepsia, so that these 
terms may lead to confusion in primary care settings. This 

To access s continuing medical education exam for this article, please visit 
www.acg.gi .orgT) oumi kmc . 



has led some authorities to combine these entities in pri- 
mary care management strategies (10). There is also uncer- 
tainty about the extraesophageal manifestations of GERD, 
coupled with an expanding list of putative extraesophageal 
disorders, resulting in both over- and underdiagnosis 
of the disease. Finally, the definition of Barrett's esophagus 
varies in different regions of the world, causing confusion 
in the assessment of risk and the appropriate use of surve- 
illance. 

The aim of this international Consensus Group was to de- 
velop a global definition and classification of GERD, us- 
ing rigorous methodology, that could be used clinically by 
primary care physicians and that embraces the needs of 
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physicians, patients, researchers, and regulatory bodies from 
different parts of the world. 



METHODS 

A modified Delphi process was used to develop the con- 
sensus definition of GERD (11-13). The Delphi pro- 
cess is a method for developing consensus that has been 
used for complex problems in medicine and industry. A 
novel aspect of this endeavor was the combination of the 
principles of evidence-based medicine, supported by sys- 
tematic literature reviews, with the Delphi process. A key 
element of the Delphi process is the use of anonymous vot- 
ing, which allows a change of views from a previously held 
position without embarrassment, together with controlled 
feedback regulated by a nonvoting chairman that prevents 
the process from being hijacked by a vocal minority. Sys- 
tematic literature reviews were chosen to support the ev- 
idence base as this orientates the consensus process away 
from clinical opinion to methodologically sound evidence. 
Multiple iterations of the statements that make up the def- 
inition and classification were created until consensus was 
reached. 

The principal steps in the process were: (1) Selection of 
the Consensus Group and development of draft statements by 
a Working Group; (2) Systematic literature reviews to iden- 
tify the evidence to support each statement; (3) Grading of 
the evidence; (4) Voting discussion and repeated anonymous 
voting on a series of iterations of the statements until a con- 
sensus was reached. Each of these steps is described in more 
detail below. 

Consensus Group Selection 

Members of the Consensus Group were selected using several 
criteria: 

1. Demonstrated knowledge/expertise in GERD by publi- 
cation/research or participation in national or regional 
GERD consensus guidelines or an interest in guideline 
development and dissemination. 

2. Geographical considerations: individuals who met the cri- 
teria under (1) were then invited to provide broad repre- 
sentation of different regions of the world (North America, 
South America, Asia, Europe, Australia) that have differ- 
ences in prevalence and manifestation. 

3. Diversity of views and expertise related to GERD (includ- 
ing experts in Barrett's esophagus, surgeons, and primary 
care physicians). 

The Consensus Gtoup was led by a nonvoting chairman 
(NV). The Working Group, who are the primary authors of 
this article, developed the initial statements and prepared and 
reviewed the evidence to support the statements that were pre- 
sented to the Consensus Group. The Consensus Group, which 
included the Working Group, consisted of 44 experts from 
18 countries: Argentina, Australia, Belgium, Brazil, Canada, 



China, Denmark, France, Germany, Hong Kong, Italy, Japan, 
Mexico, Netherlands, Peru, Sweden, United Kingdom, and 
the United States. 

Systematic Searches 

Systematic literature reviews, with defined inclusion and 
exclusion criteria, were conducted to identify and grade 
the available evidence to support each statement. Literature 
searches were conducted of English language publications in 
Medline, Embase, and the Cochrane trials register, in human 
subjects from 1980 onwards. Searches of meeting abstracts 
(American College of Gastroenterology, American Gastroen- 
terological Association, British Society of Gastroenterology, 
United European Gastroenterology Week) and review arti- 
cles were limited to the preceding 2 yr. A number of search 
strings were used that are too numerous to list in the arti- 
cle. A complete list of the search strings may be obtained by 
communicating with the lead author of this article. Due to the 
large number of citations retrieved on each of the topics, the 
primary reviewer reviewed each of the abstracts and selected 
articles and meeting abstracts for further review. The review 
was qualitative and the primary reviewer reached an assess- 
ment on the grade assigned to the statement that was then 
reviewed in the Working Group. Quantitative meta-analyses 
were not performed. The references cited in this article are 
a fraction of the articles reviewed in each area and were se- 
lected to amplify the statements and the discussion in the 
Working Group. 

Grades of Evidence 

Assignment of the grade of evidence for each statement, 
where applicable, employed the GRADE system, which takes 
into account the type of evidence while increasing or decreas- 
ing the grade depending on the quality of the study and data 
(14). The final grade provides a practical indication of the 
likely impact of further research on confidence in the esti- 
mate of effect. The grading of evidence is as follows: 

• High: Further research is unlikely to change our confidence 
in the estimate of effect. 

• Moderate: Further research is likely to have an important 
impact on our confidence in the estimate of effect and may 
change the estimate. 

• Low: Further research is likely to have an important impact 
on our confidence in the estimate of effect and is very likely 
to change the estimate. 

• Very low: Any estimate of effect is uncertain. 

An initial assessment of grade was made by the primary 
reviewer of the topic from within the Working Group. The as- 
signed grade was then discussed within the Working Group 
and a final determination of grade was made. Assignment 
of grade was not voted upon in the broader Consensus 
Group. A grade of not applicable was chosen for defini- 
tions or statements that cannot be influenced by research. For 
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example a cluster of symptoms that is defined as a syndrome 
is an arbitrary designation and cannot be altered by re* 
search. 

Voting 

The entire process lasted 2 yr and the Consensus Group voted 
on four iterations of the statements. Between each of the 
four votes, statements were revised by the Working Group 
based on feedback from the Consensus Group and additional 
literature reviews. All votes were anonymous. 

1. A first vote (baseline) was conducted for the entire Con- 
sensus Group electronically (by e-mail), without expla- 
nation or justification of the statements, and the results 
were collated (Vote 1). Feedback on the statements was 
solicited. 

2. A meeting of the entire Consensus Group was held to 
discuss suggested modifications based on feedback from 
the first vote and to review and discuss the evidence to 
support specific statements. Subsequently, a second vote 
was held, using electronic keypads to ensure anonymity 
(Vote 2). 

3. Focus subgroups were created within the Consensus 
Group to address controversies in Barretts esophagus 
and extracsophageal syndromes. Statements were again 
revised, this time with input from the focus subgroups. A 
third electronic vote was conducted by e-mail (Vote 3). 

4. A final Consensus Group meeting was held and the com- 
plete results of the previous votes were reviewed, followed 
by an open discussion of all statements, including focused 
presentations on those statements where there was still 
lack of consensus. This culminated in the fourth and final 
vote, using keypads (Vote 4). 

Regulatory agencies were invited to the initiative and the 
European Medicines Agency was represented by a nonvoting 
observer at the final Consensus Group meeting. 

For the first two votes, a simple 2-point scale 
(agree/disagree) was used in order to rapidly identify areas 
where consensus/lack of consensus existed. For the third and 
fourth votes, a 6-point Likert scale was used: 1 , agree strongly 
(A+); 2, agree with minor reservation (A); 3, agree with 
major reservation (A-); 4, disagree with major reservation 
(D-); 5, disagree with minor reservation (D); 6, disagree 
strongly (D+). Agreement with a statement (A+, A, or A-) 
by two-thirds (i.e., >67%) of the group was defined a priori 
as consensus. The level of agreement in the final vote is given 
for each statement, expressed as the percentage vote at each 
point on the Likert scale. 



Funding Sources 

The process was funded by an unrestricted grant from Astra- 
Zeneca Research and Development. The European Medicines 
Agency was responsible for the costs of their observer. 



Endorsement by the World Organization of 
Gastroenterology 

The final document was endorsed by the World Organization 
of Gastroenterology (WGO-OMGE) as "an important devel- 
opment in a critical area of gastroenterology worldwide." 
"Montreal" is in the title because the results of the study were 
first presented at the World Congress of Gastroenterology in 
Montreal. 

RESULTS AND DISCUSSION 

Overview of the Voting on Statements 
A total of 57 statements were presented for the baseline Vote 
1 and, following discussion of the supporting evidence, for 
Vote 2. The statements were subsequently revised and consol- 
idated, providing 53 statements for Vote 3 . Further discussion 
and modification at the final Consensus Group meeting re- 
sulted in 5 1 statements for the final Vote 4. 

The level of consensus increased with each round of vot- 
ing, with a high level of consensus in the fourth and final 
vote (Fig. 1). At each of the four votes, there was consen- 
sus (agreement by >67% of the group) on 86%, 88%, 94%, 
and finally 100% of statements, respectively. Over 90% of 
the group agreed with 94% (48) of the 51 final statements. 
Moreover the strength of agreement was very high by the final 
vote, as illustrated by the average percentage vote across the 
final 51 statements at each level of the 6-point Likert scale 
(Table 1). Following the final vote it became apparent that 
one statement had become redundant as it was already ad- 
dressed in a preceding statement. Consequently, statements 
and accompanying commentary are given for 50 rather than 
51 statements. 

Voting on the Process and Sponsor Influence 
Anonymous votes were also obtained on the Delphi process 
and the influence of the sponsor on the outcome. Ninety per- 
cent of participants agreed that the voting process was fair 
and that they had a chance to input adequately. Ninety-two 




Votel Vote 2 Vote 3 Vote 4 



Figure L Percentage of statements at each level of agreement at 
each vote. 
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Table 1. The Average Percentage for the Final Vote, Across the Final 
5 1 Statements, at Each Level of the 6-Point Scale 



A+ 


Agree strongly 


67.2% 


A 


Agree with minor reservation 


23.4% 


A- 


Agree with major reservation 


6.7% 


D- 


Disagree with major reservation 


t.5% 


D 


Disagree with minor reservation 


0.9% 


D+ 


Disagree strongly 


0.3% 



percent of the participants agreed that the sponsor had not, 
in any way, influenced their voting 

THE GLOBAL DEFINITION OF GERD. 

1 . GERD is a condition which develops when the re- 
flux of stomach contents causes troublesome symp- 
toms and/or complications 

Level of agreement: A+, 81%; A, 14%; A-, 5%; D-, 0%; 
D, 0%; D+, 0% (Grade: Not applicable) 

We used the general definition of a disease to arrive at a 
definition of GERD, i.e., a disease is defined as a morbid 
entity characterized usually by at least two of these criteria: 
(1) recognized etiologic agent(s); (2) identifiable group of 
signs and symptoms; (3) consistent anatomic alterations ( 1 5). 
We considered a number of descriptive terms before choosing 
"troublesome" because it satisfactorily describes the negative 
aspects of the symptoms from a patient's standpoint, allows 
itself to be translated into a number of languages, and rec- 
ognizes the variability in how symptoms impact individual 
patients. The group recognized that the characteristic symp- 
toms of GERD are retrosternal burning (often labeled heart- 
burn) and regurgitation, and the most common manifestation 
of esophageal injury is reflux esophagitis (16-18). 

The language of the definition is designed to allow asymp- 
tomatic patients with complications such as Barrett's esoph- 
agus to be included in the case-definition of GERD, and be 
independent of technology used to achieve a diagnosis. For 
example, patients may be diagnosed based on typical symp- 
toms alone or on the basis of investigations that demonstrate 
reflux of stomach contents (e.g., pH testing, impedence mon- 
itoring) or the injurious effects of the reflux (endoscopy, his- 
tology, electron microscopy), in the presence of typical or 
atypical symptoms or complications (19, 20). The new def- 
inition also recognizes that the refluxate causing symptoms 
may be weakly acidic or gaseous and these patients also meet 
the case-definition of GERD. 

Classification of the manifestations of GERD: There is 
a conceptual change in the classification of GERD-related 
disease manifestations in that it is presented as a set of syn- 
dromes (Fig. 2). A syndrome has been defined as the ag- 
gregate of symptoms and signs associated with any morbid 
process, and constituting the picture of the disease (15). In 
preliminary voting there was over 90% agreement with this 
definition of a syndrome and with the syndrome-based ap- 



proach to the definition of GERD, reflecting the clinical re- 
ality that patients with GERD may present in a number of 

ways. 

We divided the manifestations of GERD into esophageal 
and extraesophageal syndromes, with extraesophageal syn- 
dromes divided into established and proposed associations 
(Fig. 2). Uninvestigated patients with esophageal symptoms 
but without evidence of esophageal injury are considered 
to have esophageal symptomatic syndromes while patients 
who do have demonstrable injury are considered to have 
esophageal syndromes with esophageal injury. The rationale 
for this terminology was that clinicians may need to define 
and classify patients based on differing amounts of infor- 
mation. In primary care, for example, many patients do not 
undergo endoscopy to make a diagnosis of GERD and many 
patients who do, have no abnormalities at endoscopy. The 
proposed consensus definition therefore allows symptoms 
to define the disease but permits further characterization if 
mucosal injury is found. The concept of nonerosive reflux 
disease is preserved in the typical reflux syndrome without 
esophageal injury, while reflux esophagitis falls under the 
category of esophageal syndromes with esophageal injury. 
The terms ENRD (endoscopy negative reflux disease) and 
NERD (nonerosive reflux disease), while recognized in the 
statements, were not used in the classification scheme as they 
are based entirely on a diagnostic test (endoscopy) that may 
not be utilized in many patients and which is itself likely to 
evolve with new instruments and techniques, e.g., magnifi- 
cation endoscopy. 

Within the category of esophageal symptomatic syn- 
dromes, the reflux chest pain syndrome is listed separately 
recognizing a group of patients who may present with chest 
pain without the associated symptoms of the typical reflux 
syndrome or with pain overshadowing typical reflux symp- 
toms. Within the syndromes with esophageal injury are the 
well-recognized aspects of mucosal injury including reflux 
esophagitis, stricture, Barrett's esophagus, and adenocarci- 
noma. The term reflux esophagitis was preferred over ero- 
sive esophagitis because it is increasingly recognized that the 
demonstration of esophageal erosions may vary with the tech- 
nology being used. For example, patients with no erosions at 
endoscopy may prove to have erosions using specialized tech- 
niques such as magnification endoscopy. Similarly, patients 
with no abnormalities at endoscopy may have abnormalities 
on histological examination at electron microscopy such as 
dilated intercellular channels (2 1 ). A major advantage of this 
new terminology and classification is that it is likely to en- 
dure despite changes in technology that improve our ability 
to detect esophageal injury. 

2. GERD is common and its prevalence varies in different 
parts of the world 

Level of agreement: A+, 84%; A, 14%; A-, 2%; D-, 0%; 
D, 0%; D+, 0% (Grade: Nigh) 

Population-based studies suggest that GERD is a common 
condition with a prevalence of 10-20% in Western Europe 
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Figure 2. The overall definition of GERD and its constituent syndromes. 



and North America (22, 23). The prevalence rates in South 
America (10%) and Turkey (1 1.9%) are similar to European 
countries (24, 25). In Asia, the prevalence has been vari- 
ably reported but is generally lower. Chen et al. reported 
that the prevalence of heartburn occurring weekly was 6.2% 
while Wong et al found a lower prevalence of 2.3% (26, 
27). A longitudinal study from Singapore suggests that the 
prevalence of GERD is increasing with an increase in the 
prevalence of GERD symptoms from 5.5% of the population 
in 1994 to 10.5% in 1999 (28). Few population-based stud- 
ies are available from Africa but the available data suggest 
that in sub-Saharan Africa, GERD and its complications are 
rare (29). 

3. Symptoms related to gastroesophageal reflux become 
troublesome when they adversely affect an individual's 
well-being 

Level of agreement: A+, 70%; A, 30%; A-, 0%; D-, 0%; 
D, 0%; D+, 0% (Grade: Not applicable) 

4. Reflux symptoms that are not troublesome should not 
be diagnosed as GERD 

Level of agreement: A+ , 56%; A, 28%; A-, 9%; D-, 5%; 
D, 2%; D+, 0% (Grade: Not applicable) 

Inherent in the overall definition (Statement 1) is the need 
to define when symptoms reach a threshold at which they are 
troublesome to the patient, given that occasional heartburn is 
common and does not, by itself, constitute a disease. This is 
addressed by these two statements, in which the word "trou- 
blesome" was chosen from a number of other possibilities, 
such as "bothersome," "troubling," "annoying," etc., follow- 
ing an exercise to determine comprehensibility in several lan- 
guages and the accuracy of back translation. Quality of life 
as measured by generic and disease-specific quality of life 
instruments deteriorates as the severity of GERD symptoms 
increases (30-32). However, quality of life can be affected by 



a number of parameters and cannot be readily measured in 
clinical practice. In contrast, well-being is a patient-centered 
end point that is easily understood and is therefore used in 
the definition of GERD rather than quality of life. 

An important caveat to the statement on nontrouble- 
some reflux symptoms is that patients may be asymptomatic 
and may still have underlying complications such as reflux 
esophagitis or Barrett's esophagus and thereby meet the cri- 
teria for the case-definition of GERD. (Statement 1). 

5. In population-based studies, mild symptoms occurring 
2 or more days a week, or moderate/severe symptoms 
occurring more than 1 day a week, are often considered 
troublesome by patients 

Level of agreement: A+, 44%; A, 46%; A-, 5%; D-, 5%; 
D, 0%; D+, 0% (Grade: Moderate) 

6. In clinical practice, the patient should determine if 
their reflux symptoms are troublesome 

Level of agreement: A+, 60%; A, 35%; A-, 5%; D-, 0%; 
D, 0%; D+, 0% (Grade: Not applicable) 

The group felt that population-based studies that attempt 
to define a threshold at which symptoms become trouble- 
some were useful in planning large treatment trials or epi- 
demiologic studies but they were of limited utility in clini- 
cal practice. The Consensus Group therefore concluded that 
in clinical practice the determination of whether symptoms 
were troublesome should be patient-centered without the use 
of arbitrary cutoffs for frequency and duration. Data from 
population-based studies are limited but provide a glimpse of 
the effects of GERD in a population. In a population-based 
study in Sweden, symptoms of heartburn or upper abdominal 
pain that were mild or worse were associated with a clinically 
meaningful reduction in well-being (33). Data for symptom 
frequency come from a population-based study of two com- 
munities in northern Sweden. (34). Mild symptoms on 2 or 
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more days a week were associated with a significant reduction 
in quality of life measured by a disease-specific instrument 
(QOLRAD). Similar data have been reported from a cohort 
in the United States (35). 

ESOPHAGEAL SYNDROMES: SYMPTOMATIC. 

These syndromes are defined by the constellation of 
symptoms and may or may not be characterized by further 
diagnostic tests. 

Typical reflux syndrome: The typical reflux syndrome is 
defined by the presence of troublesome heartburn and/or 
regurgitation. Patients may also have other symptoms such 
as epigastric pain or sleep disturbance. 

7. Heartburn is defined as a burning sensation in the ret- 
rosternal area (behind the breastbone) 

Level of agreement: A+, 79%; A, 21%; A-, 0%; D- 0%; 
D, 0%; D+, 0% (Grade: Not applicable) 

Heartburn is a term that translates poorly into many lan- 
guages, so that various terms, that are not literal translations 
of heartburn but are used by patients as well as doctors, are 
employed in many countries. A definition is needed to pro- 
vide a clear description of this symptom. Early iterations of 
this statement also included a substernal element (defined as 
the central part of the upper abdomen immediately below the 
breastbone area), but this was removed because of possible 
confusion over the location of the burning sensation, and the 
qualifier was added to the retrosternal location in the state- 
ment. 

8 . Regurgitation is defined as the perception of flow of re- 
fluxed gastric content into the mouth or hypopharynx 

Level of agreement: A+ , 65%; A, 28%; A-, 7%; D-, 0%; 
D, 0%; D+, 0% (Grade: Not applicable) 

Regurgitation has been variably described in most clinical 
trials and epidemiological studies on GERD. The definition 
developed by the Consensus Group is sufficiently rigorous 
for future epidemiological and clinical research, although this 
consensus definition was arrived at after considerable debate. 
Some members initially felt that regurgitation included the 
perception of gastric content entering the esophagus while 
others felt that it required the gastric content to enter the 
mouth or hypopharynx. After much discussion, the consensus 
statement (above) was agreed upon. 

9. Heartburn and regurgitation are the characteristic 
symptoms of the typical reflux syndrome 

Level of agreement: A+, 95%; A, 5%; A-, 0%; 0%; 
D, 0%; D+ , 0% (Grade: Not applicable) 

Studies in this area are limited by the lack of a gold stan- 
dard for the diagnosis of GERD. We identified 40 studies re- 
porting the prevalence of heartburn in GERD. Among these, 
however, we were unable to find a single study that exam- 
ined unselected individuals with heartburn and correlated the 
findings with both endoscopy and pH monitoring, or any that 
calculated the sensitivity, specificity, and predictive values 
of heartburn for an endoscopic and pH-metry diagnosis of 



GERD. The much-cited study by Klauser et al % in which a 
sensitivity of 78% and specificity of 60% for heartburn were 
reported, was conducted on a highly selected population re- 
ferred for pH monitoring (16). In patients who previously 
had antireflux surgery, Eubanks and colleagues found that 
heartburn was the only symptom to have a significant corre- 
lation with acid exposure, and had a positive predictive value 
of 43% and a negative predictive value of 82%, with overall 
accuracy of 78% (36). There has been some discussion of the 
value of "dominant heartburn" in the diagnosis of GERD. 
A study from the United Kingdom showed that patients with 
"dominant heartburn" have a little over 50% chance of having 
GERD as defined by 24-h esophageal pH studies (37). Vari- 
ous studies of patients with GERD, including those entered 
into large proton pump inhibitor (PP1) trials, indicate that 
the prevalence of heartburn and regurgitation 75-98% and 
48-91%, respectively (3M1). 

Our literature search relating to the etiology and manage- 
ment of regurgitation revealed variability in assumptions on 
the relationship of heartburn and regurgitation. Of the 300 
references examined, 163 related to adult GERD and demon- 
strated that, even in the most recent studies, heartburn and 
regurgitation are generally described together or as "heart- 
burn or regurgitation" (42). This suggests that there is a be- 
lief that each symptom is equally and independently typi- 
cal of GERD. This view is also held for Asian populations 

(43) . The evidence for this belief comes mostly from the de- 
scription of symptoms in patients with GERD entered into 
therapeutic trials of acid suppression, although even in trials 
the two characteristic GERD symptoms tend to be lumped 
together, or use heartburn scores as the principal end point 

(44) . As discussed above, much of the variability in this area 
is attributable to lack of consistency in the definition of heart- 
burn and regurgitation. It is hoped that this will be improved 
by adoption of the definitions in preceding statements. 

10. Gastroesophageal reflux is the most common cause of 
heartburn 

Level of agreement: A+, 88%; A, 1 2%; A-, 0%; D-, 0%; 
D, 0%; D+, 0% (Grade: High) 

Heartburn has many causes, but of the 34 studies identi- 
fied, none were able to accurately describe the frequencies of 
acid and nonacid causes of heartburn in unselected patients. 
Indirect evidence for acid causing most heartburn comes 
from the multitude of therapeutic trials of acid suppression 
in GERD. The relationship between acid suppression and re- 
lief of heartburn is indirectly demonstrated by trials of acid 
suppression. A recent Cochrane meta-analysis of short-term 
treatment trials in GERD showed that the relative risk (RR) of 
relief from heartburn increased with greater degrees of acid 
suppression: prokinetic agents (RR 0.86, CI 0.73-1.01), H2- 
receptor antagonists (RR 0.77, CI 0.60-0.99), PPIs (RR 0.37, 
CI 0.32-0.44) (45). As suppression of acid is very effective in 
alleviating heartburn, this provides indirect evidence for the 
association between acid reflux and heartburn. 
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11. Heartburn can have a number of nonreflux related 
causes. The prevalence of these is unknown 

Level of agreement: A-h 65%; A, 31%; A-, 2%; D-, 0%; 
D, 2%; D+, 0% (Grade: Moderate) 

Most studies examining the relevance of nonacidic or 
weakly acidic causes of heartburn have been conducted in 
patients with persistent/refractory symptoms, in selected sec- 
ondary or tertiary care populations, or in postoperative pa- 
tients (46). The importance of heartburn in this setting has 
often been emphasized and discussed but infrequently quan- 
tified (47, 48). A careful study of poorly responsive heartburn 
patients, using pH monitoring and Bilitec monitoring during 
PPI therapy, found that duodenogastric reflux played a role 
in the genesis of symptoms (49). Using impedance and pH 
recordings, it has been found that gas reflux, with and with- 
out drops in pH, particularly in patients with reflux-attributed 
laryngeal lesions, coincided with symptoms (50). What re- 
mains unclear is the extent to which nonacid or weakly acid 
reflux plays a role in the genesis of GERD symptoms in un- 
treated patients, although it is clear from these and other stud- 
ies that acid reflux is far more common than nonacid reflux, 
but that this pattern changes when PPI treatment is initiated 
(51). 

12. The typical reflux syndrome can be diagnosed on the 
basis of the characteristic symptoms, without diag- 
nostic testing 

Level of agreement: A+, 79%; A, 1 6%; A-, 5%; D-, 0%; 
D, 0%; D+, 0% (Grade: Moderate) 

13. Nonerosive reflux disease is defined by the presence 
of troublesome reflux-associated symptoms and the 
absence of mucosal breaks at endoscopy 

Level of agreement: A+, 81%; A, 12%; A-, 7%; D-,0%; 
D, 0%; D+, 0% (Grade: Not applicable) 

Because the typical reflux syndrome is defined symptomat- 
ica! ly, it can be diagnosed on the basis of a clinical history, 
without the need for diagnostic testing. This is supported by a 
recent systematic evaluation of approaches to symptom eval- 
uation in GERD (52). Furthermore, patients with character- 
istic reflux symptoms but no esophageal injury at endoscopy 
meet the criteria of the typical reflux syndrome. The absence 
of visible erosions is reported in over 50% of patients pre- 
senting with reflux symptoms in primary care, but if their 
symptoms are troublesome, they have the typical reflux syn- 
drome (53-57). These statements have a strong message for 
primary care physicians, faced with the need to make a clin- 
ical diagnosis and to minimize expensive investigation, and 
are supported by the meta-analysis of treatment trials referred 
to earlier (45). 

14. Epigastric pain can be the major symptom of GERD 

Level of agreement: A-h, 49%; A, 28%; A-, 14%; 
2%; D, 7%; D+, 0% (Grade: Moderate) 

Perfusion of dilute acid into the distal esophagus has been 
shown to cause epigastric pain, but there are few data on the 
prevalence of epigastric pain in reflux disease (58). Some au- 



thors have suggested that most patients with pain or discom- 
fort centered in the upper abdomen (dyspepsia) who respond 
to acid suppression have acid reflux when they undergo pH 
testing (59). In two large randomized controlled trials of acid 
inhibition in nonerosive reflux disease, 69% of patients had 
epigastric pain in addition to symptoms of heartburn (60). All 
patients had undergone endoscopy to rule out the presence 
of significant mucosal disease of the esophagus so that this 
is a selected population. Acid-suppressive therapy resolved 
heartburn and epigastric pain in these patients and there was 
a strong correlation between the resolution of heartburn and 
the resolution of epigastric pain. As most endoscopic tests 
in patients with epigastric pain do not reveal any signifi- 
cant abnormalities, studies such as these raise the question of 
whether the typical reflux syndrome is the principal cause of 
epigastric pain in nonulcer dyspepsia as well. A recent study 
has identified a subset of heartburn-negative functional dys- 
pepsia patients, with moderate to severe epigastric pain, who 
also have pathological esophageal acid exposure (61). 

1 5 . GERD is frequently associated with sleep disturbance 

Level of agreement: A+, 44%; A, 37%; A-, 15%; D-, 
2%; D, 0%; D+, 2% (Grade: Moderate, as fully published 
data are as yet limited) 

This statement is supported by a large general population 
survey that found that heartburn occurred during the sleep 
period in 25% of 15,314 respondents and also by surveys of 
patients with reflux disease that have reported a prevalence of 
sleep disturbance ascribed to heartburn and/or regurgitation 
ranging from 23% to 81% (62-66). Similar data come from 
clinical trials that examine sleep disturbance prior to the start 
of therapy for reflux disease (67-69). The methods used to 
assess sleep disturbance have varied from polysomnography 
to fully validated questionnaires and single questions of un- 
certain validity. The increase of interest in this area means 
that several important studies are not yet fully reported. 

1 6. Night-time heartburn and sleep disturbance reported 
by patients with GERD are substantially improved by 
PPI therapy or antireflux surgery 

Level of agreement: A+, 51%; A, 36%; A-, 11%; D-, 
2%; D, 0%; D+, 0% (Grade: Moderate, as fully published 
data are as yet limited) 

Therapeutic studies of reflux disease provide the most ex- 
tensive data to support a causal link between reflux disease 
and sleep disturbance. One large scale placebo-controlled 
trial of acid suppression in reflux disease patients provides 
the most rigorous support of the statement (70). Other less 
well-controlled or smaller studies are also supportive (66-69, 
71). 

17. Physical exercise may induce troublesome symptoms 
of GERD in patients who have no/minimal symptoms 
at other times (exercise-induced gastroesophageal 
reflux) 

Level of agreement: A+, 65%; A, 30%; A-, 5%; D- 0%; 
D, 0%; D+, 0% (Grade: Low) 
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Symptoms of GERD can develop with physical exer- 
cise. Exercise-induced gastroesophageal reflux is a well- 
recognized condition, that has been studied in the laboratory 
and in controlled environments. However, little community- 
based or epidemiological data are presently available. Sta- 
tionary cycling, running, and weight training can produce 
reflux in healthy volunteers (72). Experiments using graded 
exercise in athletes have revealed reductions in the duration, 
amplitude, and frequency of esophageal contractions, accom- 
panied by increases in the number of gastroesophageal reflux 
episodes and the duration of acid exposure during exercise, 
particularly at the most intense levels of exercise (73, 74). 
These physiological changes appear to be dependent both 
on the nature of the exercise and its intensity. Similar re- 
sults have been obtained in untrained subjects. More recently, 
these data have been replicated for other activities, although 
research in trained cyclists has suggested that the physical 
agitation and movement of the body may be more important 
than the exerciseper se in producing these symptoms (75, 76). 
There appears to be no correlation between gastroesophageal 
reflux and exercise-induced bronchoconstriction or asthma 
(77). In a small study of 14 subjects with heartburn stud- 
ied during exercise, only a minority of symptomatic episodes 
were associated with reflux episodes. Exercise worsened re- 
flux by pH-metry, and PPI therapy decreased reflux episodes 
as measured by pH studies. However, symptoms improved 
only in patients with a symptom index >50% (78). Exercise- 
induced gastroesophageal reflux is not characterized by any 
specific signs or complications. Furthermore, the impor- 
tant and potentially confusing links with exercise-induced 
chest pain and ischemic heart disease need to be borne in 
mind. 

Reflux chest pain syndrome: 

18. Chest pain indistinguishable from ischemic cardiac 
pain can be caused by GERD 

Level of agreement: A+, 79%; A, 14%; A-, 7%; D-, 0%; 
D, 0%; D+, 0% (Grade: High) 

19. Gastroesophageal reflux can cause episodes of chest 
pain that resemble ischemic cardiac pain, without ac- 
companying heartburn or regurgitation 

Level of agreement: A+, 74%; A, 19%; A- 5%; D-, 2%; 
D, 0%; D+, 0% (Grade: Moderate) 

We found 178 articles on "noncardiac chest pain" and 
GERD. Few were based in the community or in primary care, 
and these were generally of cross-sectional design. In a study 
using the general practice research database (GPRD), a co- 
hort of 1 3,740 patients with new onset chest pain in 1 996 was 
identified and compared with an age- and sex-matched sam- 
ple of 20,000 nonchest pain patients (79). At 1-yr follow-up 
the odds ratio (OR) for a diagnosis of GERD was 3.0, for 
dyspepsia 2.7, and for peptic ulcer disease 3.0. The ORs for 
ischemic heart disease and heart failure were 1 4.9 and 4.7, re- 
spectively. Richards and colleagues in Glasgow showed that 



in a large community sample of chest pain sufferers, with 
an overall prevalence of chest pain of approximately 15%, 
noncardiac pain was more common than angina in men and 
women in the more affluent social strata, but that the preva- 
lence of cardiac pain exceeded that of noncardiac pain in 
both men and women in lower socioeconomic groups (80). 
A number of studies have reported population prevalences of 
noncardiac chest pain of up to 25% (8 1-83). 

A more recent Australian population-based study found a 
prevalence of noncardiac chest pain of 32% in men and 39% 
in women (84). The prevalence of diagnosed ischemic heart 
disease was 7%, while heartburn and acid regurgitation were 
both significantly and independently associated. A study in 
Hong Kong, using similar methodology to Richards et ai, 
found a population prevalence of chest pain of 20.6%, and 
that GERD was present in 51% of subjects with noncardiac 
chest pain, which was also associated with higher levels of 
depression and anxiety (80, 85). 

In their Swedish primary care follow-up study, Nilsson and 
colleagues examined 38,075 general practitioner consulta- 
tions, of which 577 ( 1 .5%) were for chest pain (86). Ischemic 
heart disease was diagnosed in 8% of these and excluded in 
83%, of which the majority were thought to have a muscu- 
loskeletal cause. An esophageal cause was suspected in 10% 
although the nonischemic heart disease patients were not in- 
vestigated by endoscopy or pH-metry. More research into the 
relationship between chest pain and GERD is necessary to 
clarify some of these issues. 



20. Esophageal motor disorders can cause pain that re- 
sembles ischemic cardiac pain by a mechanism sepa- 
rate from gastroesophageal reflux 

Level of agreement: A+, 77%; A, 23%; A-, 0%; D-, 0%; 
D, 0%; D+, 0% (Grade: Moderate) 

21 . Gastroesophageal reflux is more frequently a cause of 
chest pain than esophageal motor disorders 

Level of agreement: A+, 77%; A, 2 1 %; A-, 2%; D-, 0%; 
D, 0%; D+, 0% (Grade: Moderate) 

The importance of gastroesophageal reflux, compared with 
esophageal motor disorders, in causing noncardiac chest pain 
is demonstrated both by analysis of treatment trials of acid 
suppression in noncardiac chest pain, summarized in a recent 
meta-analysis, and by the relative infrequency with which 
motor abnormalities are found in noncardiac chest pain, ex- 
cept when associated with significant dysphagia (87-89). In 
a study of 140 patients undergoing esophageal manometry 
for noncardiac chest pain, manometry was normal in 70% of 
patients and the most frequent abnormality was a hypotensive 
lower esophageal sphincter (6 1 % of abnormal studies). Spas- 
tic motility disorders, such as nutcracker esophagus (10%), 
hypertensive lower esophageal sphincter (10%), and diffuse 
esophageal spasm (2%), were much less common (89). 
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ESOPHAGEAL SYNDROMES: SYNDROMES WITH 
ESOPHAGEAL INJURY. 

22. Esophageal complications of gastroesophageal reflux 
disease are reflux esophagitis, hemorrhage, stricture, 
Barrett's esophagus, and adenocarcinoma 

Level of agreement: A+, 42%; A, 26%; A-, 16%; D-, 
9%; D, 7%; D+, 0% (Grade: High) 

In clinical practice, endoscopic esophagitis is seen in less 
than 50% of patients with typical GERD symptoms (90- 
93), Esophageal erosions, f.e, reflux esophagitis, therefore 
represent the most common consequence of esophageal in- 
jury rather than the principal manifestation of GERD. Reflux 
esophagitis is the most common manifestation of esophageal 
injury. The advantage of the term reflux esophagitis is that it 
can be easily documented during endoscopy and provides an 
objective criterion for diagnosis. Healing of reflux esophagi- 
tis can also be used as a reliable end point for success of 
therapy and correlates well with improvement of symptoms. 
Indeed, the fact that acid inhibition heals reflux esophagitis 
supports the notion that it is a manifestation of GERD. 

Esophagitis may also be found at histopathology. Micro- 
scopic changes of the esophageal mucosa can be present in 
patients who do not have endoscopically visible esophagitis 
but the reliability of histology in making a diagnosis of GERD 
has been questioned (94). Histological abnormalities include 
an increase in polymorphonuclear and mononuclear white 
cells, basal cell hyperplasia, and elongation of the papilla 
(95). Electron microscopic abnormalities, such as dilated in- 
tercellular spaces, have been described in nonerosive reflux 
disease (96). 

Other less common complications of GERD are hemor- 
rhage, stricture, Barrett's esophagus, and adenocarcinoma of 
the distal esophagus (97, 98). Bleeding due to GERD is rare 
and is mainly seen in patients who have esophageal ulcers 
(99). The other manifestations of esophageal injury listed 
above are addressed in more detail in subsequent statements. 
Reflux esophagitis: 

23. Reflux esophagitis is defined endoscopically by visible 
breaks of the distal esophageal mucosa 

Level of agreement: A+, 93%; A, 7%; A-, 0%; D-, 0%; D, 
0%; D+, 0% (Grade: Not applicable) 

Reflux esophagitis is diagnosed by endoscopy when visible 
breaks are seen in the esophageal mucosa at or immediately 
above the GE junction. Various classification systems have 
been published to grade the severity of endoscopic esophagi- 
tis. Over the last 10 yr the Los Angeles classification has 
gained general acceptance (100-102). There is strong evi- 
dence that visible breaks in the mucosa are the most reliable 
endoscopic sign of esophagitis (100-104). Other findings 
such as erythema at the GE junction or an irregular Z-line 
have proven not to be reliable findings for a diagnosis of 
reflux esophagitis (103, 104). 

24. Mucosal breaks may be intermittently present in pa- 
tients with the reflux esophagitis syndrome 



Level of agreement: A+, 65%; A, 28%; A-, 5%; D-, 2%; 
D, 0%; D+, 0% (Grade: Low) 

25. Over a 20-yr period, the severity of reflux esophagitis 
does not increase in most patients 

Level of agreement: A+, 12%; A, 44%; A-, 37%; D-, 
5%; D, 2%; D+, 0% (Grade: Low) 

Data on the natural course of GERD are sparse. Few stud- 
ies have specifically investigated whether severity of symp- 
toms or severity of complications, especially reflux esophagi- 
tis, change over time. Large studies of the natural history of 
GERD are unlikely to be conducted, as the majority of pa- 
tients will be treated for their symptoms. The available lim- 
ited evidence suggests that the severity of GERD symptoms, 
both on and off treatment, does not change over time in most 
patients (91, 105-1 10). There is also evidence that in most 
patients GERD is a chronic condition and that symptoms will 
persist (105-1 10). Consequently many of these patients will 
require long-term treatment either continuously or intermit- 
tently. In this statement "a 20-yr period" was added because 
there are no published data beyond this time frame. It is likely 
that slow progression will occur in a proportion of patients. 
The data showing that older individuals have more severe 
esophagitis, and that the prevalence of complications such 
as Barrett's esophagus and cancer increases with age, sup- 
port this notion (111). A very limited number of studies have 
evaluated whether endoscopic findings, such as presence or 
absence of reflux esophagitis or grade of esophagitis, are sta- 
ble over time. A few studies suggest that mucosal breaks may 
be intermittently present in patients who were previously di- 
agnosed with reflux esophagitis (105-107, 109). Similarly, 
reflux esophagitis will be seen in a proportion of patients in 
whom an earlier endoscopy did not reveal endoscopic abnor- 
malities, suggesting that progression may take place at a slow 
rate in a subset of patients (105-107, 109). One problem that 
is frequently encountered in practice is that many patients are 
already receiving, or have recently received, treatment when 
they come for endoscopy. This will make it difficult to make 
definitive statements about whether the patient ever had reflux 
esophagitis. 

26. Although heartburn frequency and intensity corre- 
late with the severity of mucosal injury, neither will 
accurately predict the severity of mucosal injury in 
the individual patient 

Level of agreement: A+, 65%; A, 21%; A-, 9%; D-, 5%; 
D, 0%; D+, 0% (Grade: Moderate) 

Factors that predict the presence of esophagitis are the fre- 
quency and duration of reflux episodes, occurrence of day 
and night time reflux episodes, and the presence of a hia- 
tus hernia (1 12-1 16). Although the frequency and intensity 
of symptoms have been shown to have a moderate correla- 
tion with severity of endoscopic findings in several studies, 
generally symptoms will not accurately predict what the en- 
doscopic findings will be in an individual patient (93, 1 12- 
1 16). Furthermore, for elderly patients there are data to sug- 
gest that despite evidence of more severe esophagitis, the 
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intensity of heartburn symptoms was less when compared 
to younger patients (1 1 1). By relying on heartburn severity 
one may therefore underestimate the severity of esophagitis 
in elderly patients (111). Similarly, there is also some evi- 
dence that patients with Barretts esophagus may report less 
frequent or less severe symptoms (117). 
Reflux stricture: 

27. A reflux stricture is defined as a persistent luminal 
narrowing of the esophagus caused by GERD 

Level of agreement: A+, 93%; A, 7%; A-, 0%; D-, 0%; D, 
0%; D+, 0% (Grade: Not applicable) 

28. The characteristic symptom of a stricture is persistent 
troublesome dysphagia 

Level of agreement: A+, 96%; A, 2%; A-, 2%; D- 0%; 
D, 0%; D+, 0% (Grade: High) 

29. Dysphagia is a perceived impairment of the passage 
of food from the mouth into the stomach 

Level of agreement: A+ , 84%; A, 1 1%; A-, 5%; D-, 0%; 
D, 0%; D+, 0% (Grade: Not applicable) 

A reflux stricture can develop as a result of severe re- 
flux disease, when inflammation results in narrowing of the 
esophageal lumen so that passage of food is impaired. This 
is seen in <5% of GERD patients (91 ). Usually patients who 
have a reflux stricture will complain of persistent and trouble- 
some dysphagia. Often such patients will require endoscopic 
dilatation in addition to acid suppressive therapy to obtain 
improvement in dysphagia symptoms. 

The term dysphagia should be limited to the sensation of 
impeded passage of solid food or liquids through the esoph- 
agus, while oropharyngeal dysphagia is difficulty with the 
movement of solids or liquids from the mouth into the esoph- 
agus, which is unrelated to GERD. Odynophagia is defined as 
painful swallowing and is a common symptom in infectious 
esophagitis (e.g., Candida, herpes). 

An important component of the new GERD definition is 
that symptoms are troublesome. Troublesome dysphagia is 
more related to solids than liquids. Nontroublesome dyspha- 
gia is common in GERD. In a combined analysis of 1 1,495 
patients with erosive esophagitis, 37% reported dysphagia 
when a symptom checklist was used. Dysphagia resolved in 
most patients (83%) following treatment with a PPI (1 18). 

30. Troublesome dysphagia is present when patients need 
to alter eating patterns or report food impaction 

Level of agreement: A+, 75%; A, 19%; A-, 2%; D-, 2%; 
D, 2%; D+, 0% (Grade: Not applicable) 

31. Dysphagia is troublesome in a small proportion of 
patients with GERD 

Level of agreement: A+, 70%; A, 28%; A-, 2%; D-, 0%; 
D, 0%; D+, 0% (Grade: Low) 

32. Persistent, progressive, or troublesome dysphagia is a 
warning symptom for stricture or cancer of the esoph- 
agus and warrants investigation 



Level of agreement: A+, 88%; A, 10%; A-, 0%; D-, 0%; 
D, 2%; D+, 0% (Grade: High) 

Troublesome dysphagia is present when patients need to 
alter their eating patterns or have symptoms of solid food 
getting impacted. Dysphagia is troublesome only in a minor- 
ity of GERD patients. There is agreement that troublesome 
and worsening dysphagia, especially for solids, is an alarm 
symptom. It warrants investigation, as it could be indicative 
of more serious pathology, such as a peptic stricture or cancer 
of the esophagus. Recent reviews have confirmed that having 
dysphagia increases the risk (OR 3-4) of having an upper GI 
malignancy (119, 120). 
Barrett 's esophagus: 

33. The term Barrett's esophagus is variably interpreted 
at the present time and lacks the clarity needed for 
clinical and scientific communication about columnar 
metaplasia of the esophageal mucosa 

Level of agreement: A+, 63%; A, 19%; A-, 1 1%; D-, 7%; 
D, 0%; D+ , 0% (Grade: Not applicable) 

There is a universal agreement that the core component of 
all of the varying definitions of Barrett's esophagus is the par- 
tial replacement, from the gastroesophageal junction proxi- 
mally, of esophageal squamous epithelium with metaplas- 
tic columnar epithelium. The term "Barrett's esophagus" is 
currently confusing and ambiguous because the spectrum of 
what is currently referred to as "Barrett's esophagus" ranges 
from some clinicians making this diagnosis solely on the 
basis of endoscopic appearances of any extent, to the re- 
quirement that intestinal-type esophageal columnar metapla- 
sia be proven histologically before this diagnosis is made 
(121, 122). A recent study in clinical practice in Munich 
showed that the consistency of endoscopic and histologi- 
cal findings between an index endoscopy and one performed 
2 yr later was poor, with similar results obtained in only one- 
third of patients (123). In patients in whom the endoscopy 
initially suggested Barrett's esophagus but the biopsy was 
not confirmatory of intestinal metaplasia, 42% of patients 
did not have Barrett's esophagus at endoscopy or on histol- 
ogy at a subsequent examination. Thus, there appears to be a 
variability in the endoscopic diagnosis of Barrett's esophagus 
as well. Some of these results may be explained by biopsy 
sampling error or the demonstration of gastric metaplasia at 
biopsy. These differing usages were acknowledged as a prob- 
lem by the Consensus Group. At a recent workshop, 72% of 
the 18 physicians reviewing the data on Barrett's esophagus 
agreed that esophageal intestinal metaplasia documented by 
histology was a prerequisite for the diagnosis of Barrett's 
esophagus, while 16% had major reservations with this re- 
quirement for the definition and 12% rejected this concept 
( 1 24). A subsequent study examining the conformity between 
practicing U.S. gastroenterologists and the workshop group 
found further disparities in opinion. Only 72% of practicing 
U.S. gastroenterologists agreed that intestinal metaplasia was 
a prerequisite for the diagnosis of Barrett* esophagus (125). 
These data suggest the notion that intestinal metaplasia is a 
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prerequisite for the diagnosis of Barrett's esophagus is not 
uniformly accepted even in the United States where this con- 
cept originated. 

34. Neither the frequency nor the severity of heartburn is 
useful for prediction of the presence, type, or extent 
of esophageal columnar metaplasia 

Level of agreement: A+, 84%; A, 1 2%; A-, 2%; D-, 0%; 
D, 2%; D+, 0% (Grade: Moderate) 

The qualifier "useful" in this statement was taken to mean 
the ability to recognize individual patients with esophageal 
columnar metaplasia on the basis of heartburn severity and 
frequency alone. It was readily agreed that these criteria are 
not discriminatory (126-128). It has also been shown that 
5.6-25% of older people free of troublesome heartburn have 
evidence of esophageal columnar metaplasia (19, 129). For 
patients with reflux disease, detailed analysis of factors such 
as age, gender, and duration and pattern of reflux symp- 
toms can identify individuals at an increased risk of having 
esophageal columnar metaplasia (127, 128, 130). 

35. Endoscopicalry suspected esophageal metaplasia 
(ESEM) describes endoscopic findings consistent 
with Barrett's esophagus that await histological eval- 
uation 

Level of agreement: A+, 72%; A, 24%; A-, 2%; D-, 0%; 
D, 2%; D+, 0% (Grade: Not applicable) 

It was agreed that there should be a terminology that differ- 
entiates a purely endoscopic diagnosis of esophageal colum- 
nar metaplasia from one that is confirmed histologically. Re- 
cent studies have shown that there may be a marked disparity 
between endoscopic and biopsy findings. In one recent study, 
a group of patients with suspected Barrett's esophagus at en- 
doscopy and no evidence of intestinal metaplasia at biopsy 
underwent repeat endoscopy 2 yr later (123). At the second 
examination, 42% of patients had no endoscopic or histo- 
logical evidence of Barrett's esophagus and 46% continued 
to have apparent Barrett's esophagus at endoscopy without 
biopsy confirmation of intestinal metaplasia. These data sug- 
gest that the endoscopic diagnosis needs confirmation with 
histology and that a term that acknowledges the possibil- 
ity that the endoscopic appearance may not be diagnostic 
was chosen. The option "endoscopically suspected Barrett's 
esophagus" was considered, but the more neutral, descriptive 
terminology given in the statement was preferred, in the belief 
that thi s would be of less concern to patients and their insurers 
and would prevent patients from being mistakenly labeled as 
having Barrett* esophagus before histological confirmation 
was obtained (131) (Fig. 3). 

36. Multiple, closely spaced biopsies are necessary to 
characterize ESEM 

Level of agreement: A+, 79%; A, 1 7%; A-, 0%; D-, 2%; 
D, 2%; D+, 0% (Grade: High) 

Effective management of the risk for esophageal adenocar- 
cinoma requires sensitive detection of intestinal-type meta- 
plasia (see Statement 41) and high-grade dysplasia (122, 
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Figure 3. Consensus terminology for Barrett's esophagus. 

132). These histological abnormalities, particularly high- 
grade dysplasia, frequently occupy a very small proportion of 
the surface area of columnar metaplasia (133, 134). Though 
research into novel endoscopic techniques suggests that it 
may, in the future, be possible to recognize areas of meta- 
plastic mucosa likely to contain changes of particular clin- 
ical relevance and to target biopsies to these areas, this is 
currently not an established option in routine clinical prac- 
tice (135, 1 36). Thus, current biopsy practice must sample all 
areas of metaplastic mucosa as thoroughly as possible (122, 
132). The best researched biopsy protocol is four-quadrant 
biopsies every 1 cm for circumferential metaplastic segments, 
which is substantially more sensitive than sampling at 2-cm 
intervals (133, 137). This approach has been variably modi- 
fied to include biopsies at the top of tongue-like metaplastic 
extensions. These onerous and usually expensive protocols 
are generally not accepted as best practice (122, 132). Even 
with the use of such protocols, there is still evidence of signifi- 
cant sampling inaccuracies, since concordance for the finding 
of presence or absence of intestinal-type metaplasia between 
first, second, and even third endoscopies is relatively poor, es- 
pecially for segments shorter than 3 cm (123, 138, 139). It has 
been found that intestinal-type metaplasia is most prevalent 
at the most proximal extent of metaplasia (140). 

37. The description of ESEM should include a standard- 
ized measure of endoscopic extent 

Level of agreement: A+, 88%; A,12%; A-, 0%; D-, 0%; 
D, 0%; D+ , 0% (Grade: Not applicable) 

Reliable unambiguous measures of extent are desirable for 
clinical communication and research into esophageal colum- 
nar metaplasia. The risk for adenocarcinoma is significantly 
influenced by the extent of metaplasia. If all esophageal 
columnar metaplasia is considered, around three quarters of 
cases appear to have metaplasia less than 3 cm in extent and 
the cancer risk is less in these patients than in those with more 
extensive metaplasia (98, 141, 142). There is an evidence of 
a continuum of increasing risk for cancer with increasing 
extent of metaplasia beyond 3 cm (98, 143). 

"Standardized" is an important qualifying word in the 
statement. There has been insufficient research into the 
best approaches to endoscopic measurement of extent 
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Accordingly, differing approaches have been used in pub- 
lished studies, with resultant difficulties in making compar- 
isons among studies or with pooling their data. The lack of a 
validated, standard approach to measurement of extent means 
that this clinically relevant variable is often poorly described 
and in terms that are open to interpretation. Recently, how- 
ever, an international working group has developed standard 
criteria that may aid further research (144). 

38. When biopsies of ESEM show columnar epithelium It 
should be called Barrett's esophagus and the presence 
or absence of intestinal-type metaplasia specified 

Level of agreement: A+, 49%; A, 28%; A-, 9%; D-, 5%; 
D, 2%; D+, 7% (Grade: Not applicable) 

This statement is the final product of the most controver- 
sial topic of the workshop. In the early phase of discussion 
it was decided that the eponymous term "Barrett" should 
be retained in any definition because it would be futile and 
counterproductive to try to remove such an embedded word 
from general use. Pragmatism aside, opinion was divided 
as to whether Barrett's original scientific contribution war- 
ranted continued use of his name as a label, but this was not 
put to formal discussion and voting. With retention of the 
word "Barrett" decided, there was eventual consensus that 
all types of histologically proven esophageal columnar meta- 
plasia should be included under this umbrella word, with the 
important added descriptors of either "intestinal-type meta- 
plasia positive" or "negative" (see statement above). One ma- 
jor reason for the statement and the voting on it was the far 
from perfect sensitivity of even a rigorous biopsy protocol 
for detection of intestinal-type metaplasia (see Statement 36), 
let alone the less rigorous biopsy protocols used in routine 
clinical practice in every part of the world where practice 
has been surveyed (145-147). This is not just a problem of 
tissue sampling, since the staining techniques and interpre- 
tation of biopsies can influence the sensitivity of detection 
of intestinal-type metaplasia (148, 149). A literature search 
failed to reveal any systematic review or meta-analysis of the 
risk for esophageal adenocarcinoma of definite esophageal 
columnar metaplasia in which intestinal metaplasia had not 
been shown to be present, despite careful biopsy sampling 
(Fig. 3). 

Adenocarcinoma: 

39. Adenocarcinoma of the esophagus is a complication 
of GERD 

Level of agreement: A+, 67%; A, 26%; A-, 7%; D- 0%; 
D, 0%; D+, 0% (Grade: Moderate) 

40. The risk of adenocarcinoma of the esophagus rises 
with increasing frequency and duration of heartburn 

Level of agreement: A+, 47%; A, 42%; A-, 7%; D-, 0%; 
D, 2%; D+, 2% (Grade: Moderate) 

There is strong epidemiological evidence, especially from 
case-control studies in Sweden, that esophageal adenocarci- 
noma is a complication of GERD and that chronic GERD 
symptoms increase the risk of esophageal adenocarcinoma 



(97, 98). In the study by Lagergren etaL the risk of esophageal 
adenocarcinoma was increased (OR 7.7) in patients suffering 
from longstanding reflux symptoms (97). Higher frequency 
(greater than 3 times per week) and long duration (greater than 
1 0-20 yr) of symptoms further increased the OR to 16.4 and 
20. Over the last 25 yr there has been a remarkable change in 
the epidemiology of esophageal cancer in Western countries. 
The incidence of esophageal adenocarcinoma has been rising 
substantially although the absolute lifetime risk of developing 
adenocarcinoma is <1%(97, 150-152). In addition, until re- 
cently, the incidence of esophageal squamous cell carcinoma 
used to be much higher than esophageal adenocarcinoma. Ac- 
cording to recent data from the United States, the incidence of 
adenocarcinoma of the esophagus now has surpassed the rate 
of squamous carcinoma (151). The rise in adenocarcinoma 
incidence is in keeping with the rising GERD prevalence in 
other parts of the world. For example in Japan, where the dis- 
ease used to be rare, the prevalence of GERD is increasing, 
as are Barren's esophagus and esophageal adenocarcinoma 
(153, 154). 

41. Long-segment Barrett's esophagus with intestinal- 
type metaplasia is the most important identified risk 
factor for esophageal adenocarcinoma 

Level of agreement: A+, 67%; A, 21%; A-, 12%; D-, 
0%; D, 0%; D+, 0% (Grade: High) 

A wealth of consistently supportive data resulted in prompt 
consensus on this statement (see Statement 37) (97, 132,1 55, 
1 56). Wang et al have tabulated the reported experience on 
adenocarcinoma development from endoscopic surveillance 
studies (132). A large scale prospective Swedish study of pa- 
tients with the diagnosis of esophageal adenocarcinoma pro- 
vides the most definitive data (97). It is unclear what propor- 
tion of the esophageal columnar metaplasia-negative cases 
noted in this study were accounted for either by destruction 
of esophageal columnar metaplasia by cancer or by misclassi- 
fication of adenocarcinoma of the gastric cardia as esophageal 
adenocarcinoma (97). 

EXTRAESOPHAGEAL SYNDROMES: ESTABLISHED 
ASSOCIATIONS. Although a great amount has been pub- 
lished on the extraesophageal GERD syndromes, little of 
this represents high-level original work. This realization 
prompted an evolution in the statements regarding the ex- 
traesophageal syndromes, as paucity of evidence supporting 
the initial versions became apparent. Thus, whereas in the 
initial iterations, the statements strongly suggested causal- 
ity between reflux and cough, laryngitis, asthma, and dental 
erosions, the final iterations were much more restrained, em- 
phasizing (1) the existence of an association between these 
syndromes and GERD, (2) the rarity of extraesophageal syn- 
dromes occurring in isolation without a concomitant mani- 
festations of the typical esophageal syndrome, (3) that these 
syndromes are usually multifactorial with GERD as one of 
the several potential aggravating cofactors, and (4) that data 
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substantiating a beneficial effect of reflux treatments on the 
extraesophageal syndromes are weak. 
Reflux cough, reflux laryngitis, and reflux asthma syn- 
dromes: 

42. Chronic cough, chronic laryngitis, and asthma are 
significantly associated with GERD 

Level of agreement: A+, 39%; A, 26%; 28%; D-, 7%; 
D, 0%; D+, 0% (Grade: High) 

43. Chronic cough, chronic laryngitis, and asthma are 
usually multifactorial disease processes and gastroe- 
sophageal reflux can be an aggravating cofactor 

Level of agreement: A-h 63%; A, 23%; A-, 12%; D-, 
2%; D, 0%; D+, 0% (Grade: Cough Low, Laryngitis Low, 
Asthma High) 

44. Gastroesophageal reflux is rarely the sole eause of 
chronic cough, chronic laryngitis, or asthma 

Level of agreement: A+, 65%; A, 23%; A-, 7%; D-, 5%; 
D, 0%; D+, 0% (Grade: Cough Low, Laryngitis Very Low, 
Asthma High) 

Three large population-based surveys have demonstrated 
an increased risk of numerous ENT and pulmonary symptoms 
among patients with either esophagitis or reflux symptoms 
(81, 157, 158). The reported ORs for having laryngeal or 
pulmonary conditions among GERD patients in these stud- 
ies range from 1.2 to 3.0, with nocturnal cough having the 
strongest association. 

Support for the premise that chronic cough, chronic laryn- 
gitis, or asthma are multifactorial processes with reflux as 
a potential aggravating factor comes from therapeutic trials 
in which these entities were improved, but incompletely re- 
solved, by treating reflux disease. In the case of reflux cough 
syndrome, the only randomized controlled trials of medical 
therapy found no treatment effect (159-161). Thus, one has 
to look to observational trials of antireflux surgery ( 1 62- 1 64) 
and these are by nature subject to selection and referral bias. 
By and large these trials show improvement in cough scores 
as a result of treatment. With respect to reflux laryngitis syn- 
drome, there are no randomized controlled treatment trials in 
which chronic laryngitis patients exhibited a complete treat- 
ment response. Observational trials of medical or surgical 
therapy report partial improvement in laryngitis symptoma- 
tology and in some cases laryngoscopy appearance (164, 
165). Commonly implicated cofactors with laryngitis include 
heavy voice usage, habitual throat clearing, allergic rhinitis 
with postnasal drip, infectious laryngitis, and environmental 
irritants including smoking. Regarding reflux asthma syn- 
drome, Field summarized the medical and surgical data and 
concluded that there was a significant benefit in improving 
asthma symptoms and reducing asthma medication usage but 
no improvement in pulmonary function attributable to GERD 
therapy (166, 167). Commonly implicated cofactors among 
asthma patients include allergens, exercise, temperature or 
climate changes, or emotional conflicts. 



Since reflux disease has highly effective treatments, it fol- 
lows that manifestations of the disease should exhibit high- 
grade treatment effects. Thus, support for the premise that 
reflux is the sole cause of chronic cough, chronic laryngi- 
tis, or asthma would come from therapeutic trials in which 
these entities were completely resolved by treating reflux dis- 
ease. In the case of chronic cough, few, if any, patients within 
randomized controlled trials exhibited a complete treatment 
response (159-161). The strongest evidence of a complete 
treatment effect comes from an uncontrolled observational 
study of laparoscopic Nissen fundoplication in which 51% 
of 133 chronic cough patients exhibited a complete symp- 
tom response following the procedure (162). In a smaller 
observational study of 8 carefully studied chronic patients 
who were refractory to medical therapy, 2 subsequently ex- 
hibited a complete cough resolution after antireflux surgery 
(163). Both of these series enrolled highly selected patients, 
suggesting that although chronic cough can be entirely at- 
tributable to reflux, this is a rare occurrence. With respect to 
chronic laryngitis, there are no randomized controlled treat- 
ment trials for GERD in which patients exhibited a complete 
treatment response. Observational treatment trials of medi- 
cal or surgical therapy report partial symptomatic improve- 
ment and in some cases laryngoscopic appearance but few, 
if any, patients experienced a complete laryngitis response 
(164, 165). With respect to reflux asthma syndrome, Field 
concluded that there was no objective improvement in pul- 
monary function attributable to medical therapy of GERD 
(166). Furthermore, a recent longitudinal epidemiological 
study of more than 14,000 patients in U.K. general prac- 
tice found that patients with a new diagnosis of asthma are at 
significantly increased risk for developing GERD rather than 
vice versa (168). However, two randomized controlled trials 
of antireflux surgery as treatment for asthma reported sub- 
sets of patients in the surgically treated arms with complete 
asthma resolution; 6 of 1 6 in the Sontag et a!, study and 1 1 of 
22 in the Larrain et al study (169, 1 70). Pulmonary function 
data arc not provided in the Larrain et al. study. Thus, only 
a subset of patients has asthma entirely attributable to reflux, 
and this subset is probably small. 

45. Potential causal mechanisms of reflux cough, reflux 
laryngitis, and reflux asthma syndromes include di- 
rect (aspiration) or indirect (neurally mediated) ef- 
fects of gastroesophageal reflux 

Level of agreement: A+, 61 %; A, 28%; A-, 7%; D-, 2%; 
D, 0%; D+, 2% (Grade: High) 

Experimental evidence in both animals and humans has 
demonstrated reflex stimulation of bronchospasm and cough 
as a response to esophageal acidification (171, 172). Animal 
studies have also demonstrated the development of laryn- 
geal ulceration and profound bronchospasm as a result of the 
direct application of acid to the larynx or acid instillation 
into the airway (173, 174). Studies of pulmonary function 
in asthmatics have demonstrated correlation between lung 
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resistance and the occurrence of spontaneous gastroe- 
sophageal reflux (175). 

46. In the absence of heartburn or regurgitation, unex- 
plained asthma and laryngitis are unlikely to be re- 
lated to GERD 

Level of agreement: A+, 37%; A, 33%; A-, 14%; D-, 
7%; D, 9%; D+, 0% (Grade: Laryngitis Low, Asthma High) 

This statement implies that individuals with conclusive 
reflux laryngitis and reflux asthma syndromes usually have 
esophageal manifestations of reflux as well. Since the only 
patients in whom these diagnoses can be confidently estab- 
lished are those that convincingly responded to reflux treat- 
ment, it is the responders who must be evaluated with respect 
to whether or not they had frequent heartburn. With respect to 
reflux laryngitis syndrome, the only randomized controlled 
trials demonstrating a treatment effect were on patients with 
clear-cut reflux disease in addition to the laryngitis, whereas 
the recent trial that excluded patients with frequent heart- 
burn demonstrated no benefit of a PPI over placebo in treat- 
ing the laryngitis (176-178). With respect to asthma, most 
asthmatics have objective evidence of reflux disease as well as 
reflux symptoms ( 1 79). A recent randomized controlled study 
of 770 asthmatics evaluated twice-daily PPI therapy and only 
the patient group with both nocturnal respiratory and GERD 
symptoms responded to the PPI better than to placebo in the 
primary study outcome measure (morning peak expiratory 
flow) (180). In the two randomized controlled trials of an- 
tireflux surgery that showed treatment benefit with respect 
to asthma, objective evidence of reflux was either an entry 
criterion for the study or objectively demonstrated in almost 
all patients (169, 170). 

47. Medical and surgical treatment trials aimed at im- 
proving presumed reflux cough, reflux laryngitis, and 
reflux asthma syndromes by treating GERD are as- 
sociated with uncertain and inconsistent treatment 
effect 

Level of agreement: A+, 51%; A, 40%; A-, 7%; D-, 
0%; D, 0%; D+, 2% (Grade: Cough Very Low, Laryngitis 
Moderate, Asthma High) 

In the case of reflux cough syndrome, two small random- 
ized controlled trials have evaluated the effects of PPI treat- 
ment on chronic cough. One of these found no significant 
improvement in cough between the PPI and placebo groups 
(12% vs 0%) with only 1 of 8 patients randomized to the 
PPI showing a response (1 59). However, during subsequent, 
open-label treatment 5 of the 9 placebo-treated patients, all of 
whom had markedly abnormal pH studies, responded dramat- 
ically. The other randomized controlled PPI trial was com- 
promised by a crossover design that the authors concluded 
resulted in treatment effect from the first period carrying 
over to the second. When the analysis was restricted to the 
group randomized to initial placebo therapy (N = 13), a sig- 
nificant reduction in cough score was demonstrated when 
they crossed over to PPI (160). Crossover studies are prone 



to overestimating treatment effect and these studies should 
be viewed with caution. One randomized controlled trial of 
H2-receptor antagonist therapy for chronic cough showed no 
therapeutic benefit (161). Several uncontrolled trials on H2- 
receptor antagonists, with or without prokinetics, have re- 
ported improvement in cough in 70-1 00% of treated patients 
(176, 177, 181, 182). With respect to treatment of suspected 
reflux cough syndrome with antireflux surgery, there are no 
controlled trials. There are, however, consistently positive re- 
sults from uncontrolled studies suggesting benefit in a subset 
of chronic cough patients but these studies have the usual 
limitations in that they overestimate treatment effect (164, 
183). 

For reflux laryngitis there are four published randomized 
controlled trials using twice-daily PPI therapy for 8-12 wk 
encompassing a total of88 patients(176, 177, 181, 182). One 
additional study of 88 patients has thus far been published 
only in abstract form (178). One trial showed a significant 
difference between the PPI and placebo in resolution of laryn- 
geal symptoms and one other for hoarseness and throat clear- 
ing (159, 177). No significant difference in laryngoscopic 
healing was found between placebo and PPI-treated groups in 
any of the trials. There are substantial inconsistencies among 
the trials in laryngoscopic criteria for defining reflux laryn- 
gitis, pH-monitoring protocols, and most importantly, inclu- 
sion of patients with concomitant heartburn. The trial with 
the best therapeutic result enrolled patients with-high-grade, 
unequivocal laryngoscopic findings and markedly abnormal 
esophageal pH-monitoring studies (161). The large treatment 
trial finding no PPI benefit enrolled patients with low-grade 
laryngoscopic findings and excluded patients with frequent 
heartburn (178). 

With respect to reflux asthma syndrome, Field concluded 
that there was a significant benefit in improving asthma symp- 
toms and reducing asthma medication usage but no objective 
improvement in pulmonary function attributable to GERD 
therapy (166, 170, 184-190). A recent large study, using es- 
omeprazole 40 mg twice daily, enrolled a total of 770 patients 
and subdivided asthmatics into those with only nocturnal res- 
piratory symptoms, only nocturnal GERD symptoms, or both 
nocturnal respiratory and GERD symptoms. The primary 
outcome variable was the change in morning peak expiratory 
flow. Of the three patient groups, only those with both noctur- 
nal respiratory and GERD symptoms responded to esomepra- 
zole better than to placebo with a mean difference in morning 
peak expiratory flow of 8.7 L/min (1 80). A difference of 20 
L/min is generally considered the threshold for clinical sig- 
nificance. Also of interest is a recent study analyzing a subset 
of asthmatic patients with cough and reflux (191). This un- 
controlled treatment trial demonstrated substantial improve- 
ment in cough, pulmonary function, asthma symptoms, and 
reflux symptoms (when present) after 3 months of PPI ther- 
apy (esomeprazole 40 mg once daily). In a complementary 
analysis of the effects of antireflux surgery on asthma, there 
were only two controlled trials again showing improvement 
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in asthma symptoms and medication use but no improve- 
ment in pulmonary function (167, 169, 170). Similar to the 
case with the laryngitis studies, there are substantial incon- 
sistencies among trials in asthma definition and in whether 
or not patients with well-defined or symptomatically evident 
GERD were included. Of particular note, the largest placebo- 
controlled trial of surgical therapy was a three-armed trial 
involving 90 patients conducted by a single group of inves- 
tigators (170). This trial, which reported the best therapeutic 
results in both the medical and surgical domain, excluded pa- 
tients with "allergic" asthma and required that they had reflux 
symptoms. 

Reflux dental erosion syndrome: 

48. The prevalence of dental erosions, especially on the 
lingual and palatal tooth surfaces, is increased in pa- 
tients with GERD 

Level of agreement: A+, 42%; A, 35%; A-, 19%; 2%; 
D, 0%; D-h 2%(Grade: High) 

In a prospective consecutive series, 253 patients were di- 
vided into two groups based on reflux symptoms: 181 re- 
fluxers and 72 controls (192). The percentage with dental 
erosions was significantly higher among the reflux group 
(47.5% vs \2.S%p < 0.001) but there were no differences in 
other clinical or dental parameters. A similar analysis among 
intellectually disabled individuals found 19 of 29 individuals 
(65.5%) with dental erosions to have pH-monitoring criteria 
for GERD compared to only 9 of 34 without dental erosions 
(26.5%) (p = 0.04) (193). Another study found a positive 
correlation between esophageal acid exposure measured by 
pH monitoring and dental erosion score among 30 patients 
with and without GERD (194). 

EXTRAESOPHAGEAL SYNDROMES: PROPOSED AS- 
SOCIATIONS. 

49. It is unclear whether gastroesophageal reflux is a sig- 
nificant causal or exacerbating factor in the patho- 
genesis of sinusitis, pulmonary fibrosis, pharyngitis, 
or recurrent otitis media 

Level of agreement: A+, 91%; A, 9%; A-, 0%; D-, 0%; 
D, 0%; D+, 0% (Grade: Low, reflecting lack of authoritative 
mechanistic or therapeutic studies) 

The generally low quality, uncontrolled published studies 
relevant to this statement have been reviewed recently (195, 
196). Epidemiological studies have shown a modestly in- 
creased OR for sinusitis in the US. military veterans with re- 
flux esophagitis of 1.6 (1.51-1 .70) (157). This risk is slightly 
higher at 2.34 (1.72-3.19) for children with GERD (197). 
Adequate evidence of causa] linkage is lacking. US. military 
veterans with reflux esophagitis have a slightly increased risk 
for idiopathic pulmonary fibrosis, with an OR of 1 .36 (1 .25- 
1.48) (157). There is no persuasive evidence of causal link- 
age. There are no authoritative, confirmed data that indicate 



GERD is a clinically significant contributor to pharyngitis or 
otitis media. 

50. It is unclear whether gastroesophageal reflux plays 
a role in triggering apneic episodes in patients with 
obstructive sleep apnea 

Level of agreement: A+, 74%; A, 21%; A-, 5%; D-, 
0%; D, 0%; D+, 0% (Grade: Low, because of lack of direct 
mechanistic study data) 

An increased prevalence of GERD has been found con- 
sistently in obstructive sleep apnea patients, but uncertainty 
remains whether reflux episodes are true precipitants of ap- 
neic episodes (198-204). The argument that lack of correla- 
tion of severity of reflux-induced symptoms with severity of 
obstructive sleep apnea is an evidence against precipitation 
of apneic episodes by reflux episodes is unconvincing (205). 
More definitive mechanistic data are required. 

CONCLUSIONS 

In conclusion, a new definition and classification of GERD 
has been developed by an International Consensus Group. 
It provides a basis for universally accepted terminology that 
bridges cultures and countries and may simplify disease man- 
agement, allow collaborativeresearch, and make studies more 
generalizable, assisting patients, physicians, and regulatory 
agencies. Coupling evidence-based medicine with modern 
consensus development techniques allows a broad consensus 
among different regions of the world. For practicing physi- 
cians, this definition and classification clarify the criteria nec- 
essary for a diagnosis of GERD, simplify the classification 
of suspected and proven Barrett's esophagus, and define the 
state of our incomplete knowledge in extraesophageal disor- 
ders. For patients, the consensus statement provides clarity 
on a diagnosis that is based on a patient-centered definition of 
troublesome symptoms and may help to prevent patients from 
being inappropriately labeled as having Barrett* esophagus. 
Clarification of the role of GERD in patients with cough and 
hoarseness may also help the management of patients with 
these difficult conditions. Finally, regulators may benefit from 
a uniform terminology and classification to use with clinical 
trial data submissions. 
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ABSTRACT 



OBJECTIVE To apply the recently published Montreal definition of gastroesophageal reflux disease (GERD) in 
primary care. ';. •.' 

SOURCES OF INFORMATION The. MontreaJ definition of GERD was developed by an international consensus 
group of experts in GERD and primary eare pnysicians using rigorous evidence-based methods along with 
modern consensus development techniques and a patient-centred approach. 

MAIN MESSAGE Gastroesophageal reflux disease can be diagnosed in primary care based on symptoms alone 
without additional diagnostic testing. Symptoms reach a threshold where they constitute disease when they are 
troublesome (cause difficulty) to patients. In addition to the cardinal symptoms of heartburn and regurgitation 
people with GERD can also have sleep disturbances, chest pains, or respiratory symptoms. Monitoring patients' 
response to proton pump inhibitor therapy can confirm the success of management. Treatment for symptoms of 
GERD can also heal underlying reflux esophagitis if it is present. 

CONCLUSION Primary care physicians can diagnose and manage GERD confidently in most patients by 
investigating and treating troublesome symptoms without the need for additional investigations or referral to 
specialists. 



RESUME 



OBJECTIF Mettre en pratique dans les soins primaires la definition de Montreal du reflux gastro-oesophagien 
(RGO) r6cemment publiee. r 

SOURCES DE INFORMATION La definition de Montreal du RGO a 6t€ d6velopp6e par un groupe de specialises 
du RGO et de medecins de premiere ligne internationaux reunis pour faire des recommendations, grace a des 
m6thodes fondees sur des preuves rigoureuses et a des techniques modernes de developpement de consensus, 
et en adoptant une approche centime sur le patient. 

PRINCIPAL MESSAGE On peut diagnostiquer le reflux gastro-oesophagien en medecine primaire a partir des 
seuls symptomes, sans test diagnostique additionnel. Cest lorsque les sympt6mes deviennent gdnants pour la 
patient qu'on peut parler de maladie. Outre les symptomes cardinaux de pyrosis et de regurgitation, on peut 
aussi observer des troubles du sommeil, douleurs thoraciques ou symptomes respiratoires. L'observation de 
la rdponse aux inhibiteurs de la pompe a protons peut confirmer le succes du traitement. Le traitement des 
symptomes du RGO peut aussi gu£rir une oesophagite de reflux sous-jacente. 

CONCLUSION Le m£decin de premiere ligne peut diagnostiquer et traiter sans crainte la plupart des cas de RGO 
en investiguant et en traitant les symptomes incommodants sans recourir a des examens additionnels ou a des 
specialistes. 
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The first ever global consensus definition of gastro- 
esophageal reflux disease (GERD), the Montreal 
definition, was published recently. 1 Developed by 
an international consensus group of experts and family 
physicians, the Montreal definition was built using rigor- 
ous evidence-based methods along with modern con- 
sensus development techniques. The Montreal definition 
describes a symptom -based, patient-centred approach 
to diagnosis of GERD. This approach includes a measure 
of the severity of symptoms by stating that GERD is "a 
condition that develops when the reflux of gastric con- 
tent causes troublesome symptoms or complications." 1 

Heartburn and regurgitation are the characteris- 
tic symptoms of GERD. Heartburn is defined as a burn- 
ing sensation in the retrosternal area. Regurgitation is 
defined as the perception of flow of refluxed gastric con- 
tents into the mouth or hypopharynx. These symptoms 
are sufficiently descriptive to be diagnostic. Esophageal 
and extraesophageal symptoms and syndromes that 
form part of the framework of GERD also include chest 
pain, sleep disturbances, cough, hoarseness, and asthma 
(Figure 1).' This article aims to encourage physicians 
to use the Montreal definition to diagnose and manage 
GERD in primary care. We present an illustrative case 
description. 

Case description 

George is a 48-year-old computer programmer who 
enjoys playing squash in a top-tier league 3 times a 
week. He consults his primary care physician because 
for a year he has had a persistent cough that wakes 
him in the night several times a week. The cough is 
accompanied by regurgitation and is often associated 
with nonradiating retrosternal pain. George occasion- 
ally sips water to try to "settle the cough," but this 
gives little relief. The sleep disturbances associated 
with these symptoms lead to tiredness and difficulty 
concentrating at work. George also gets retrosternal 
pain and regurgitation during the day, particularly 
after a large meal. He worries that the chest discom- 
fort could be a sign of heart disease because of his 
stress at work, and he hopes treatment will restore 
his productivity at work. 

Sources of information 

The Montreal definition and classification of GERD 
was developed by an international consensus group of 
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experts and family physicians over a period of 2 years. 1 
A series of statements was drafted based on evidence 
from systematic reviews of the literature in 3 databases 
(EMBASE, Cochrane Central Register of Controlled Trials, 
and MEDLINE). The group went through 4 rounds of 
voting to modify and approve the statements. 

Diagnosis 

Symptom-based diagnosis of GERD (level III evidence). 
The primary care physicians who contributed to the 
Montreal definition were convinced of the importance of 
a symptom-based, patient-centred approach to care of 
people with GERD. This approach was overwhelmingly 
accepted by the international experts. 

The Montreal definition recognizes that GERD can 
be diagnosed in primary care on the basis of symp- 
toms alone without additional diagnostic testing. ^ This 
approach is appropriate for most patients and does not 
use unnecessary resources. Symptoms reach a thresh- 
old where they constitute disease when they are trou- 
blesome to patients and affect their functioning during 
usual activities of living. This patient-centred approach 
to diagnosis includes asking patients how their symp- 
toms affect their everyday lives. 

Chest pain (level II evidence). Symptoms of GERD can 
be experienced in the chest or upper abdomen and might 
be described as burning or painful. Chest pain induced 
by GERD can closely mimic ischemic heart pain. 1 - 3 - 4 In 
managing such cases, a prudent first step is to exclude 
heart disease as the cause of the pain. 

Gastroesophageal reflux disease is thought to cause 
the chest pain of nearly half the patients with noncardiac 
chest pain. Patients are often left untreated once cardiac 
causes have been excluded; studies show that these peo- 
ple then use more health care resources than they did 
before and suffer functional impairment that goes unre- 
solved until they are correctly diagnosed and treated. 5 - 6 

Serious* Sleep disturbances (level II evidence). Patients 
with GERD frequently wake up at night or are unable to 
get to sleep because of their symptoms. 7 Symptoms can 
be worse when patients lie down. In fact, GERD is a main 
cause of unexplained sleep disturbances. Sleep distur- 
bances, as well as nighttime reflux symptoms, improve 
substantially with proton pump inhibitor (PPI) therapy. 8 

Levels of evidence 



Level I: At least one properly conducted randomized 
controlled trial, systematic review, or meta-analysis 
Level II: Other comparison trials, non-randomized, 
cohort, case-control, or epidemiologic studies, and 
preferably more than one study 
Level III: Expert opinion or consensus statements 
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Figure 1 . The Montreal definition of gastroesophageal reflux disease and its constituent syndromes: i 

disease is o condition fat develops when the reflux of gastric content corns troublesome symptoms or complications. 
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Reprinted with permission from Vakil et ol. 1 



Uncertainty remains as to whether reflux plays a role 
in triggering apneic episodes in patients with obstruc- 
tive sleep apnea. 19 Obesity is a contributory factor to 
both GERD and obstructive sleep apnea, but the 2 dis- 
eases might not be causally related. 

Respiratory problems (level II evidence). The respiratory 
syndromes associated with GERD include cough, asthma, 
and laryngitis. 1 1(H 2 These respiratory symptoms are typi- 
cally accompanied by the cardinal symptoms of heart- 
burn or regurgitation. There are occasional exceptions 
to this, particularly among elderly people. 12 Respiratory 
problems can be aggravated by GERD, which usually 
acts as a cofactor in the multifactorial etiology of respi- 
ratory conditions, such as asthma or chronic obstructive 
pulmonary disease. When patients do not have heart- 
burn and regurgitation, GERD is unlikely to be a sub- 
stantial cofactor in respiratory conditions. 

Searching for symptoms of GERD will often be helpful 
to patients whose respiratory symptoms are poorly con- 
trolled despite usual management. Gastroesophageal 
reflux disease might lead to extraesophageal symptoms 
if patients aspirate refluxed gastric contents or might 
stimulate the vagus nerve and bring on reflex broncho- 
constriction. ,3 - M 

Management: the next step 
Endoscopy is a poor guide to management (level II 
evidence). When large groups of patients are evalu- 
ated, a correlation can be seen between the severity of 
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symptoms and the severity of underlying esophageal 
damage caused by GERD, such as reflux esophagitis. 
Unfortunately, for individual patients with GERD, the cor- 
relation between severity of symptoms and endoscopic 
findings is poor. 1 - 15 Also, most patients with GERD have 
no visible evidence of esophagitis at endoscopy, making 
endoscopic appearance a poor guide to diagnosis and 
management of GERD. Negative endoscopic findings 
in the presence of troublesome heartburn or regurgi- 
tation are entirely consistent with GERD.' Patients in 
these cases are said to have nonerosive reflux disease. 
Other tests to diagnose GERD, such as esophageal pH 
monitoring, will not outperform symptom-based diag- 
nosis. Esophageal pH monitoring is not highly sensitive; 
results of a second test are positive in about one-quarter 
to one-third of patients whose first test results were 
negative.' 6 -' 7 The implication for primary care physicians 
is that only a few patients need referral for endoscopy 
or other diagnostic testing for GERD. The few requiring 
referral include those with long-standing (longer than 5 
years) symptoms or symptoms that are unresolved by 
PPI therapy and those with alarm features. Alarm fea- 
tures include vomiting, gastrointestinal bleeding or ane- 
mia, abdominal masses or unexplained weight loss, and 
progressive dysphagia. 2 

Acid suppression therapy can guide management 
(level HI evidence). Regurgitation of gastric acid into the 
lower esophagus is by far the most common cause of 
GERD. This is why PPI therapy is effective.'- 18 Monitoring 
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patients' response to PPI therapy is an ideal way to 
assess the success of management. A few patients will 
be unresponsive to PPI therapy because they have symp- 
toms caused by reflux of bile containing duodenal con- 
tents through the stomach and into the esophagus. 1 

Serious complications (level II evidence). The spectrum 
of reflux disease runs from nonerosive reflux disease 
through to esophageal complications, such as esophagi- 
tis, hemorrhage, and stricture, and to Barrett esophagus 
and esophageal adenocarcinoma. 1 These complica- 
tions are thought to be due to prolonged and repeated 
esophageal exposure to acid. Treatment for symptoms 
of GERD can also heal esophagitis. 19 When the diagnosis 
has been made based on symptoms and a PPI has been 
chosen for treatment, clinicians can be confident that 
such treatment is the most effective choice for both the 
symptoms and the underlying esophagitis, if it is present. 
Symptom resolution with PPI therapy provides added 
reassurance about the initial symptom-based diagnosis. 

Dysphagia is progressive in a few GERD patients (level 
II evidence). Symptoms of GERD can at times lead to 
some difficulty swallowing food and liquids, and this 
can cause patients to worry about progressive disease, 
such as esophageal cancer. Nonprogressive dyspha- 
gia is common in patients with GERD, however, and 
resolves in most patients following treatment with a 
PPI. 20 Dysphagia that gets progressively worse, especially 
regarding solids, is far less common and represents 
an alarm feature that warrants further investigation to 
search for esophageal malignancy or peptic stricture. 21 
A careful history can identify patients with worrisome 
symptoms of dysphagia. Referral for contrast studies 
and endoscopy should not be a reflex response because 
treatment with a PPI will resolve the nonprogressive 
dysphagia commonly associated with GERD in most 
patients. 

Barrett esophagus can be diagnosed only on the basis 
of esophageal histology (level HI evidence). Barrett 
esophagus is an important marker for changes in the 
lower esophagus that are associated with increased risk 
of adenocarcinoma of the esophagus. The proportion of 
GERD patients in primary care who have Barrett esoph- 
agus is unknown but is estimated to be only a few of 
those with long-standing GERD. The Montreal definition 
of GERD provides a revised global consensus definition 
of Barrett esophagus. Endoscopically suspected endo- 
thelial metaplasia is the new agreed-upon term for endo- 
scopic findings consistent with Barrett esophagus.' 

When biopsies of endothelial metaplasia show 
columnar epithelium, the condition should be called 
Barrett esophagus and the presence or absence of intes- 
tinal-type metaplasia specified. 1 The revised terminol- 
ogy will help primary care physicians to understand the 



endoscopic and histologic reports they receive and the 
rationale for including some patients in cancer surveil- 
lance programs. Patients with long-standing (more than 
5 years) and frequent symptoms, particularly obese men 
older than 50 years, should be considered for endoscopy 
to search for Barrett esophagus. 1 2 

Treatment recommendations (level 1 evidence). 
Important treatment choices for GERD include PPIs and 
histamine H 2 receptor antagonists. There is strong evi- 
dence in the literature to support using PPIs because 
they have superior efficacy compared with histamine 
H 2 receptor antagonists, and this effectiveness comes 
with equivalent safety. Cost and availability of treat- 
ment options are important considerations and will 
require difficult decisions to be made based on individ- 
ual and local factors. The emphasis on treatment with 
PPIs is consistent with recommendations from the cur- 
rent Canadian Consensus Guidelines on Treatment of 
GERD. This article reports the results of a comprehen- 
sive review of the literature and makes recommenda- 
tions based on a Delphi consensus process. Clinicians 
reviewing this article will find clear and concise state- 
ments to guide their therapeutic choices when treating 
patients with GERD. 22 

Case resolution 

George's family doctor reassured him that his chest 
pain was very unlikely to have a cardiac cause 
because he was able to play squash at a high level 3 
times a week without any chest discomfort. He was 
diagnosed with GERD based on his symptoms. He 
has been taking a PPI for 1 month, and his symp- 
toms have improved substantially. He is sleeping 
well because his cough no longer wakes him. George 
now feels reassured that his chest pain is not a sign 
of coronary artery disease, especially as he has not 
experienced any further chest pain since completing a 
month of treatment with a PPI. He notices his concen- 
tration and wohV productivity have improved since he 
has been sleeping better and feeling more rested. He 
no longer worries aboiit his symptoms, and his qual- 
ity of life has returned to normal. 

Conclusion 

The Montreal definition provides a patient-centred, 
symptom-based approach to diagnosis and manage- 
ment of GERD that will fit well with the care plans of 
most family physicians. Most patients can be confidently 
diagnosed based on troublesome symptoms that can be 
attributed to GERD. Primary care physicians can diag- 
nose and manage most GERD patients without the need 
for additional investigations or referral to specialists. 
The Montreal definition can assist primary care phy- 
sicians in providing safe and effective care for most 
patients who have GERD. jf> 
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EDITOR'S KEY POINTS 



• Gastroesophageal reflux disease (GERD) can be 
diagnosed based on symptoms alone without addi- 
tional diagnostic testing. The Montreal definition of 
GERD describes a symptom-based, patient-centred 
approach to diagnosis of GERD. 

• Response to acid suppression therapy-proton 
pump inhibitors and histamine H 2 Teceptor antago- 
nists-can guide management. In individual patients, 
the correlation between endoscopy findings and 
symptom severity is poor. 

• Endoscopy should be considered in those with long- 
standing (more than 5 years) and frequent GERD 
symptoms to search for Barrett esophagus, as well 
as in those with alarm features (vomiting, gastroin- 
testinal bleeding, anemia, abdominal masses, unex- 
plained weight loss, or progressive dysphagia). 



POINTS DE REPERE DU REDACTEUR 



• Le reflux gastro-oesophagien (RG0) peut etre dia- 
gnostique a partir des seuls symptomes, sans test 
diagnostique additionnel. La definition de Montreal 
du RG0 d£erit une approche fondee sur les symp- 
tomes et eentree sur le patient. 

• La reponse a un traitement suppressif-inhibiteurs 
de la pompe a protons et antagonistes des recep- 
teurs histaminiques H 2 -permet de diriger le traite- 
ment. Pour un patient donne, la correlation entre le 
resultat de I'endoscopie et la gravite des symptomes 
peut etre faible. 

• Une endoscopic devrait etre envisagee chez ceux 
qui ont symptomes de RG0 frequents et de longue 
duree (plus de 5 ans) afin d'eliminer un oesophage 
de Barrett, ainsi que chez ceux qui presentent des 
signes inquietants (vomissements, saignements 
digestifs, anemie, masse abdominale, perte de poids 
inexpliquee ou dysphagie progressive). 
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been a professor of medicine on the faculties of the University of Texas, Houston, Texas 
(Assistant Professor: 1987-1988); University of Rochester, Rochester, New York 
(Assistant Professor: 1988-1993); University of Wisconsin, Madison, Wisconsin (Clinical 
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Associate Medicine: 1993-1997); University of Wisconsin Medical School, Madison, 
Wisconsin (Clinical Professor of Medicine: 1997 to the present); and the Marquette 
University College of Health Sciences, Milwaukee, Wisconsin (Clinical Associate 
Professor of Medicine: 2002 to the present) (dual appointment with the University of 
Wisconsin Medical School). 



4. I attach my Curriculum Vitae (CV) (Attachment 1). My CV recounts my 
educational and professional experience and associations. My CV also lists my many 
peer-reviewed publications; book chapters; invited papers/editorial; and national and 
international professional assignments in the field of internal medicine and 
gastroenterology, which well exceed 200 in number. Recently, I have been honored by 
an official invitation to author a key chapter on peptic ulcer disease for the upcoming 9 th 
Edition of Schlesinger and Fordtran's Gastrointestinal and Liver Disease 
(Pathophysiology/Diagnosis/Management), which is the leading textbook (the 
professional "bible") in the field of gastroenterology. 

5. An area of personal and professional interest, experience, and expertise for me as 
a physician and educator within the field of gastroenterology is in the treatment of the 
disease called gastroesophageal reflux disease (GERD). I have studied the medical 
literature and myself written extensively on the subject, having, since 2000, authored or 
co-authored over 30 publications directed to the pathophysiology, diagnosis, and 
management of GERD (these are listed in my CV). My personal and professional 
interest, experience, and expertise in this area are recognized by my colleagues. Further 
details of my personal and professional interest, experience, and expertise are set forth in 
my prior Declaration (paragraphs 1 to 7) submitted in related United States Patent 
Applications Serial Nos. 10/531,598 and 11/544,750 (Examiner Micah-Paul Young, 
Group Art Unit 1618), a copy of which has also been submitted in the present 
Application Serial No. 10/475,254. I incorporate by reference the opinions expressed in 
my prior Declaration into this Supplementing Declaration. 



Application Serial No. W475,254 W 

Supplementing Declaration of Nimish Vakil, M.D., FACP, FACG 
Page 3 

6. I have been asked to comment further in this Supplementing Declaration about the 
discovery made Anders Pettersson, M.D at Orexo in 2001 of a method for the treatment 
of symptoms of gastroesophageal reflux disease (GERD), of which I am personally 
familiar and have studied. The method administers in an oral dosage form a proton pump 
inhibitor or a salt thereof (PPI) in combination with an H2 receptor antagonist or a salt 
thereof (H2RA), together with a pharmaceutical^ acceptable carrier and an enteric 
coating on the PPI that separates the PPI from the H2RA. The PPI and H2RA (separated 
by an enteric coating) are co-administered concurrently. In shorthand, I will refer to this 
discovery by Dr. Pettersson as the "Invention." 

7. I understand that the Invention and related discoveries are the subject of pending 
United States Patent Applications, among them Serial No. 10/475,254; Serial No. 
10/531,598; and Serial No. 11/544,750. In Serial No. 10/531,598 and Serial No. 
1 1/544,750, 1 prepared a Declaration presenting my opinion as a person of ordinary skill 
in the art, that I and my colleagues would not have been motivated by the teachings and 
suggestions of the published literature to treat GERD by combining an H2RA and PPI for 
co-administration. In that Declaration, I stated my opinion that the co-administration of 
an H2RA and a PPI is inconsistent with what my colleagues and I in the field believed at 
a time prior to the Invention. This Declaration has also been filed in the present United 
States Patent Application Serial No. 10/475,254. 

8. In the present application, I understand that the United States Patent Office has 
taken the position to the effect that a person of ordinary skill in the art at a time prior to 
the Invention would have understood the term "antacid" to encompass a PPI. I 
respectfully challenge this assessment, because it is inconsistent with the teachings of the 
published literature about the pharmacological treatment options for GERD that were 
available prior to the Invention. In short, my colleagues and I at a time prior to the 
Invention who read the peer literature, who wrote about and studied the pharmacological 
treatment options for GERD, and who treated patients with GERD understood that an 
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"antacid," by legal and scientific definition, cannot be considered a PPI or any other 
form of anti-secretory drug. I will explain why. 

9. In this Supplementing Declaration, I will comment in greater detail about the 
differences between antacids, on one hand, and anti-secretory drugs, on the other hand, 
from both a historical and scientific perspective, as considered from the viewpoint of a 
person who has spent over twenty years in the field of gastroenterology and related 
pharmacology. I do so, because I think this perspective provides the basis for 
understanding why a person of ordinary skill in the art at a time prior to the Invention 
would not consider the term "antacid" to encompass, by any legal or scientific definition, 
a PPI or any other form of anti-secretory drug. From both a historical and scientific 
perspective, there is no question that, at a time prior to the Invention, my colleagues and I 
considered an antacid and an anti-secretory drug like PPI to being pharmacologically 
distinct and mutually exclusive categories of drugs. 

10. As the above summary of my background indicates, and as further related in my 
prior Declaration, I am a person who has considerable interest, experience, and expertise 
in the physiology of gastric secretion in the human stomach, the physiology of GERD, 
and the pharmacology of the drugs that have been used to treat the disease in the years 
prior to the Invention. As a professor, I teach others in these matters at medical schools. 
As a medical doctor, I have myself authored many peer-reviewed articles on these 
matters, and I have read many peer-reviewed articles and textbooks written by my 
colleagues. I regularly attend (and I am honored to sometimes chair) professional 
conferences where these matters are openly discussed and debated among my fellow 
doctors and scientists. This is the way professionals in my field share our scientific and 
clinical interests, experiences, and expertise pertaining to GERD and its treatment. I 
think these traits characterize professionals like me and my colleagues who practice in 
the field of gastroenterology and related pharmacology, so when I speak for myself, I am 
speaking for my colleagues in general. 
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11. To appreciate my state of mind and the state of mind of my colleagues a time 
prior to the Invention, one must understand how we treated GERD at that time (as I 
described in detail in paragraphs 14 to 26 of my prior Declaration); what my colleagues 
and I believed at the time about the cellular mechanism for gastric acid secretion in the 
stomach (as I described in detail in paragraphs 27 to 34 of my prior Declaration); and 
what we at that time understood how antacids functioned (as I described in paragraphs 15 
and 16 of my prior Declaration), as distinguished from how we at that time understood 
how the anti-secretory drugs like H2RA's and PPI's functioned (as I described in detail in 
paragraphs 35, 36, and 37 of my prior Declaration). These views remain current today. 

12. I have studied and written about the pharmacological treatment options that were 
available to me to treat my GERD patients in 2000. These included (i) antacids; (ii) 
H2RA's; and (iii) PPI's. (see American Journal of Gastroenterology, Vol. 96, No. 2, 
2001. pp. 309) (Attachment 2). My colleagues and I in the field knew at that time (and 
today) that antacids, H2RA's, and PPI's are distinctively different pharmaceutical agents. 
They work in distinctively different ways. An antacid is, by legal and scientific 
definition, not an H2RA or a PPI, and vice versa. 

13. My colleagues and I in the field knew at that time (and today) that antacids are 
drugs that simply neutralize gastric acid after it has been secreted by parietal cells in the 
stomach. Chemically, they are weak bases - such as sodium bicarbonate, magnesium 
hydroxide, or aluminum hydroxide. Antacids are the original, classic remedies for the 
afflictions called "sour stomach" or "acid stomach" or "heart burn." Antacids have been 
used for decades, and perhaps even centuries, for these afflictions. They are described in 
old English literature. The "patent medicine" remedies for an "acid stomach" in the 
1910's and 1920's were the antacid bicarbonate of soda. Antacids were used to treat an 
"acid stomach" or "heart burn" long before the medical community even understood what 
GERD really is. The trademarks for popular antacids ~ ROLAIDS® or TUMS® or 
MAALOX®-- are ingrained in our popular lay lexicon. 
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14. I want to provide further insight into antacids from a historical perspective, 
because it demonstrates why my colleagues and I view as fundamental and important the 
differences between antacids, on one hand, and the anti-secretory drugs, on the other 
hand, which came about much later in time. For decades (up to about 1972), antacids 
were the only effective pharmaceutical remedy for inhibiting acid in the stomach. 
Everything that relieved stomach acid at that time was generically called an "antacid," 
because that is what it was, and there was nothing else to call it. Gastroenterology was 
therefore preoccupied with the science and terminology of "antacids." An informative 
historical account in the peer literature calls this the "acid era." (see M. Schubert et al., 
"Control of Gastric Acid Secretion in Health and Disease," Gastroenterology 2008; 134: 
1842-1860, p. 1842) (Attachment 3), a time when antacids were dispensed "not by the 
bottle, by the case." The authors recount: 

"Is the study of gastric acid now only of historical interest? Many have forgotten 
the central role acid played in shaping gastroenterology as a specialty. It was in the acid 
era that our specialty was defined and flourished. Acid was meticulously measured in an 
attempt to better understand and treat peptic ulcer disease, the major clinical challenge at 
that time. Fiberopric endoscopy was developed to better define upper gastrointestinal 
acid-related mucosal damage. Acid neutralization consumed clinicians. Antacids were 
dispensed, not by the bottle, but by the case. Neutralizing capacity, taste, sodium content, 
and adverse effect profile (diarrhea or constipation) of the various antacids were hot 
issues debated at national meetings because, to adequately control acid, antacids were 
dosed 1 and 3 hours after meals and at bedtime. Anticholinergic medications, despite 
their associated adverse effects, were prescribed before meals and at bedtime to prolong 
gastric emptying of antacids and to control nocturnal ulcer symptoms. Gastric freezing 
and radiation were modalities employed to reduce acid in patients with 'medically 
refractory 5 symptoms when surgery was not a consideration. Peptic ulcer surgery was 
planned based on gastric acid output measurement: high acid secretion generally 
indicated a more extensive resection. Too much postoperative acid (incomplete 
vagotomy) meant ulcer recurrence, whereas too little acid (large resection) had nutritional 
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consequences. Milk alkali syndrome, gastric outlet obstruction, and dumping syndrome, 
complications largely unknown to today's gastroenterology fellows, were common 
occurrences. All this characterized the C BC (before cimetidine) era of gastroenterology." 

15. In 1972, all this changed. The "C" in "BC" that marked the end of the acid era, is 
cimetidine. Cimetidine is the first of the anti-secretory drugs. Cimetidine is an H2RA. It 
does not neutralize gastric acids after it is secreted into the stomach like a antacid, but 
works by an altogether different mechanism: it blocks the action of histamine in parietal 
cells to inhibit the secretion of gastric acid in the first instance (see my prior Declaration, 
paragraphs 17 and 35 for greater detail). Cimetidine is now referred to in the popular 
lexicon by its tradename Tagamet®. 

16. It was Sir James Black who discovered cimetidine in 1972. This discovery was a 
breakthrough in the field of gastroenterolgy. It marked the end of the "acid era." So 
dramatic was the discovery that Sir James Black was awarded the Nobel Price for 
Medicine, which was only the second time a Nobel Prize had been awarded in the field of 
gastroenterology. The discovery of the first anti-secretory drug shared the stage of 
history with award in 1 904 of the Nobel Prize in the field of gastroenterology to W. Prout 
for discovering the presence of inorganic hydrochloric (gastric) acid in the stomach and 
LP. Pavlov for the discovery of the neuro-reflex stimulation of secretion of gastric acid 
(who we memorialize in the popular story known to every school child as "Pavlov's 
Dog"). Persons of ordinary skill in the art recognized that Sir James Black's discovery of 
the first anti-secretory drug cimetidine "changed the practice of gastroenterology 
forever." (see M. Schubert et al., "Control of Gastric Acid Secretion in Health and 
Disease," Gastroenterology 2008; 134: 1842-1860, p. 1842) (Attachment 3): 

"Sir James Black's Nobel Prize winning discovery of H 2 -receptor antagonists 
(H2RAs) in 1972 shed new light on acid secretion and changed the practice of 
gastroenterology forever. For the first rime, acid could be inhibited and ulcers predictably 
healed. Studies showed that the duration and degree of acid inhibition (percentage of the 
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day pH >3) determined ulcer healing, and once daily dosing of H2RAs at bedtime was 
the most efficient healing regimen. In addition, continuous bedtime administration of the 
medication could prevent ulcer recurrence, the first step in controlling this chronic 
condition." 

17. The discovery of anti-secretory drugs even changed the practice of surgery in the 
field of gastroenterology. In the antacid era - the "BC" (before cimetidine) era - ulcer . 
surgery constituted 50% to 70% of all surgical procedures performed in the United States. 
Since the discovery of anti-secretory drugs, ulcer surgery accounts for only a handful of 
surgical procedures in the United States each year. 

18. The discovery of other anti-secretory H2RA drugs followed in the 1970's ~ for 
example, ranitidine (Zantac®) and famotidine (Pepcid®). Zantac® became the best 
selling drug in the world. The anti-secretory proton pump inhibitor drugs, known as 
PPI's, emerged a decade later. The anti-secretory PPI drugs - which include omeprazole 
(Prilosec®), esomeprazole (Nexium®) and lansoprazole (Prevacid®) - also act by an 
altogether different mechanism than antacids (and H2RA's), by irreversibly binding to 
the H+,K+-ATPase enzyme (the proton pump) in parietal cells, to inhibit the secretion of 
gastric acid (as explained in more detail in my prior Declaration, paragraphs 36 and 37). 

19. The anti-secretory PPI drugs proved to be more potent inhibitors of gastric acid 
secretion than H2RA's. In the eyes of persons of ordinary skill in the art, the discovery 
of PPI's stood out as a further breakthrough in the field of gastroenterology. The PPI 
Prilosec® supplanted the H2RA Zantac® as the best selling drug in the world.(see M. 
Schubert et al., "Control of Gastric Acid Secretion in Health and Disease," 
Gastroenterology 2008; 134: 1842-1860, p. 1842) (Attachment 3): 

"More recently, the identification of hydrogen-potassium-stimulated adenosine 
triphosphatase (H+ K+-ATPase) as the proton pump of the parietal cell and Helicobacter 
pylori (HP) infection as the main cause of gastric and duodenal ulcer (also Nobel Prize 
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winning) heralded a new revolution in our understanding and treatment of acid-peptic 
disorders. Dosed before mealtime, proton pump inhibitors (PPIs) are the most effective 
acid inhibitors currently available and are the most widely prescribed class of 
gastrointestinal medications. Not only can peptic ulcers be healed more rapidly with PPIs, 
but refractory ulcers have all but disappeared. Eradication of HP with antibiotics, offered, 
for the first time, a permanent cure for most ulcers." 

20. When viewed from this historical perspective, one can readily appreciate that, in 
my mind and those of my colleagues, the replacement of classic antacid therapy with the 
breakthrough therapies using the anti-secretory drugs like H2RA 5 s and PPI's is indelibly 
ingrained in our collective memories. In my mind and the minds of my colleagues, the 
switch from antacids to anti-secretory drugs was revolutionary. The advancement from 
antacids to anti-secretory drugs is historically stark and clear. It is marked by a change in 
patient treatment eras BC (the era of the antacids) to post BC (the era of the anti-secretory 
drugs); it is punctuated by the award of a Nobel Prize that highlights how drastically 
different the anti-secretory drugs were from their predecessors the antacids; and it led to 
revolutionary changes in the practice of medicine in the gastroenterological field, (see 
M. Schubert et al., "Control of Gastric Acid Secretion in Health and Disease," 
Gastroenterology 2008; 134: 1842-1860, p. 1854) (Attachment 3): 

"Gastric acid remains an important pathogenic factor for a variety of common 
upper gastrointestinal disorders. Over time, the prevalence as well as the management of 
these disorders has changed. Generations of gastroenterologists and surgeons measured 
acid output and tailored medical and surgical treatment of peptic ulcer disease based on 
the results. The management of these disorders has been revolutionized by the 
introduction of potent antisecrerory medications and the understanding of the role of HP 
in their pathogenesis. As a result, the quantitative measurement of gastric acid secretion, 
for the most part, has become obsolete ..." 
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21. With the discovery of the anti-secretory drugs, antacids were no longer the only 
effective pharmaceutical remedy for inhibiting acid in the stomach. Revolutionary new 
treatments had been discovered, effectively replacing antacids. Like the Nobel Prize 
awarded to Sir James Black, the peer literature, and persons of skill in the art who read 
the peer literature, likewise differentiated, compared, and contrasted between the classic 
antacids, on one hand, and the revolutionary antisecretory drugs, on the other hand. My 
colleagues and I recognized that everything that relieved stomach acid could no longer be 
generically called an "antacid." For example, while Dr. Malagelada and his colleagues 
in 1979 recognized a "common goal" in the use of antacids or antisecretory drugs, they 
also recognize the "different mechanisms" that the two agents employ (see Malagelda et 
al, "Antacid Therapy," Scand X Gastroenterol Supph 1979; 55: 67-83, p. 72) 
(Attachment 4): 

"Antacids, of course, neutralize acid which has already been secreted as opposed 
to other agents such as cimetidine or anticholinergics which inhibit acid secretion. 
Despite different mechanisms, as far as duodenal ulcer is concerned, all these different 
therapies have a common goal, namely to reduce duodenal acid load." 

While recognizing a "common goal," Dr. Malagelda and his colleagues recognize that the 
use of antacids or anti-secretory drugs lead to different therapies having different clinical 
advantages and disadvantages in terms of outcomes and effects. Dr. Malagelda and his 
colleagues recognize that a clinician has to affirmatively decide whether to use antacids 
or to use anti -secretory drugs (that they are not interchangeable), concluding (see Ibid) : 

"Because of these advantages and disadvantages for each therapy, choosing one 
or the other must remain, for the present time, an individualized decision for the 
physician and his patient." 
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22. In a peer literature article written in 1977 (see Deering et al, "Comparison of an 
H2 Receptor Antagonist and a Neutralizing Antacid on Postprandial Acid Delivery Into 
the Duodenum in Patients with Duodenal Ulcer," Gastroenterology 73: 11-14, 1977, pp. 
11 and 13) (Attachment 5), the authors (both MD's) call antacids and the anti-secretory 
H2RA drugs "radically different 55 and constituting "completely different mechanisms, 55 
writing: 

"Even seasoned skeptics are beginning to accept the possibility that histamine H2 
receptor antagonists will revolutionize the therapy of peptic ulcer disease. If so, will H2 
antagonists replace liquid neutralizing antacids in the standard ulcer regimen? We have 
compared the effect of these two radically different drugs on the postprandial delivery of 
acid into the duodenum of patients with duodenal ulcer, under experimental 
circumstances closely resembling physiological conditions... Cimetidine [an anti- 
secretory histamine H2 receptor antagonist) and Maalox [an antacid] reduce the acid 
entering the duodenum by completely different mechanisms. The histamine H2 receptor 
antagonist inhibits the secretion of gastric acid. In contrast, the aluminum and magnesium 
hydroxides in the liquid antacid neutralize acid that has already been secreted by the 
stomach, therefore, the acid delivered into the duodenum is that which remains 
unneutralized by the antacid. 55 



Application Serial No. ©475,254 

Supplementing Declaration of Nimish Vakil, M.D., FACP, FACG 
Page 12 



23. The United States government agency responsible for pharmaceuticals - the 
Federal Food and Drug Administration (FDA) - also adopts the scientific distinction 
between antacids and the anti-secretory drugs found in the peer literature. The FDA has 
adopted as its legal and scientific regulatory definition for "antacid" a definition that 
reflects the historical and scientific views of persons of skill in the art 5 as described 
above. What constitutes (and, conversely what does not constitute) an antacid was 
identified prior to the Invention by the FDA in Title 21 U.S.C. § 331.11 (Food and 
Drugs) (1974) (Attachment 6). The FDA definition includes long lists of substances that 
correspond to the classic antacids of the earlier acid era, and also more generically 
characterizes antacids by their "acid neutralizing capacity" (21 U.S.C. § 331.10). The 
FDA further directs the use of an in vitro methodology for measuring the "acid 
neutralizing capacity" of an antacid (see 21 U.S.C. § 331.25 and 21 U.S.C. § 331.26). 
The in vitro tests specified by the FDA to identify an antacid are performed outside of the 
body in a beaker on a laboratory bench. The use of "acid neutralization" by the FDA to 
define an antacid is entirely consistent with the historical definition of an antacid prior to 
the Invention, as described above (see "neutralizing capacity" in the quote in Paragraph 
14, supra). The in vitro evaluation of antacids to identify their acid neutralizing capacity 
is also reported in the peer literature prior to the Invention (see Malagelda et al, "Antacid 
Therapy," Scand J. Gastroenterol Suppl: 1979; 55: 67-83, p. 68) (Attachment 4). 
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24. Inherent in the FDA's definition of an antacid and the historical and scientific 
definition of an antacid found in the peer literature, is that antacids can be demonstrated 
to work in vitro to neutralize gastric acid when poured into a beaker outside the body, just 
as they work inside the stomach (in vivo) to neutralize gastric acid secreted in the 
stomach. Else wise, the in vitro test for acid neutralization could not be used. In 
contrast, the anti-secretory drugs H2RA and PPI do not work in vitro, and therefore, by 
the definition existing prior to the Invention, cannot be an antacid. As illustrated 
schematically below, when placed into a beaker of gastric acid, no anti-secretory drugs 
(H2RA or PPI) will change the pH of the gastric acid. The anti-secretory mechanisms of 
an H2RA and PPI operate only in vivo within a functioning parietal cell. 

Schematic Representation of Difference Between 
Antacid and H2RA/PPI 
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25. By definition, the legal and scientific definition of an antacid in the peer literature 
and by the FDA, as a substance having an "acid neutralizing capacity," excludes all anti- 
secretory drugs (both H2RA's and PPFs). 

26. In other publications circulated prior to the Invention as well, the FDA defines 
antacids in terms of an acid neutralization capacity that neither H2RA's nor PPFs 
possess. For example, in Health Publications distributed by the FDA to consumers, the 
FDA asks the question "What's an Antacid" and answers the questions in terms of acid 
neutralization, writing (see Cramer, "What's an Antacid?", FDA Consumer, Jan-Feb, 
1992, Attachment 7): 

"The opposite of an acid is a base, and that's exactly what antacids are, 
"But a base all by itself can't neutralize the acid inside you. For reasons that are 
best explained on a blackboard in chemistry class, a base needs some chemical helpers," 
or ingredients, to accompany it on its neutralizing mission into your stomach. All 
antacids contain at least one of the four primary "helpers" or ingredients: sodium, 
calcium, magnesium, and aluminum." 

27. The FDA also recognizes prior to the Invention that there are significant 
differences between antacids and anti-secretory drugs in terms of the use of these drugs in 
the management of heartburn in pregnancy. In 1985, the FDA divided the safety of drugs 
used during pregnancy into five categories (A, B, C, D, and X), based upon systemic 
absorption and reports of congenital defects in animals or humans, (see Richter, "Review 
Article: The Management of Heartburn in Pregnancy," Aliment Pharmacol Ther 2005: 
22: 749-757, p. 751) (Attachment 8). Antacids are not included in this rating system. 
However, H2RA 5 s are rated FDA Category B drugs (animal reproduction studies have 
failed to demonstrate a risk to the fetus and there are no adequate and well controlled 
studies in pregnant women). The PPI omeprazole is rated as a FDA Category C drug 
(animal reproduction studies have shown an adverse effect on the fetus and there are no 
adequate and well-controlled studies in humans, but potential benefits may warrant use of 
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the drug in pregnant women despite potential risks). Other PPI's (e.g., lansoprazole and 
rabeprazole) are rated FDA Category B drugs. 

28. I am aware that McGrew et al United States Patent 6,949,264 contains a 
paragraph (column 7, lines 32 to 38) (Attachment 9) that reads: 

"Antacids include cimetidine, ranitidine, nizatidine, famotidine, omeprazole, 
bismuth antacids, metronidazole antacids, tetracylcine antacids, clarthromycin antacids, 
hydroxides of aluminum, magnesium, sodium bicarbonates, calcium bicarbonate and 
other carbonates, silicates, and phosphates." 

This paragraph appears in the context of a disclosure directed to delivering medications 
incorporated into chewing gum. 

29. At a time prior to the Invention, my colleagues and I would recognize McGrew 5 s 
definition of "antacids" as lacking any scientific or clinical credibility. On the face of it, 
McGrew 5 s definition of antacids includes the antibiotics metronidazole, tetracycline, 
clarthromycin, which even a lay person would recognize as being incredible. 
Furthermore, given the momentous history surrounding the discovery of anti-secretory 
drugs and the scientific distinctions uniformly drawn in the peer literature (also reflected 
in the FDA 5 s definition), my colleagues and I would equally consider the inclusion of 
H2RA 5 s (cimetidine, ranitidine, nizatidine, famotidine) and PPI's (omeprazole) as an 
"antacid 55 to be so preposterous as to exclude McGrew from any consideration as a valid 
scientific reference. 
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30. I am also aware that Vertesy et al. US 6,077,830 contains a sentence (column 11, 
lines 26 to 30) (Attachment 10) 

"Triple therapy can thereby be simplified to dual therapy, in which beside the 
bismuth salt according to the invention, for example, only an antacid (for example 
omeprazole, lansoprazole, pantoprazole or others) is administered. 5 ' 

It is my opinion that Vertesy et al, when taken in its flail context, demonstrates that this 
sentence is likely a typographical error. Vertesy et al. in the next paragraph correctly 
refers to omeprazole, lansoprazole, pantoprazole as being a "proton pump inhibitor" 
(column 12, lines 26 to 28): 

"A preferred combination contains the bismuth salts according to the invention 
together with a proton pump Inhibitor such as, for example, omeprazole, lansoprazole, 
pantoprazole or others." 

Earlier in the same paragraph (column 12, lines 6 to 13), Vertesy correctly refers to the 
antacids group, and does not include in this group PPFs and H2RA's.: 

"For the therapeutic and prophylactic uses mentioned, suitable additional active 
compounds derive, for example, from the antacids group, such as, for example, sodium 
bicarbonate, aluminum hydroxide, magnesium hydroxide, magnesium trisilicate, 
aluminum magnesium silicate hydrate, aluminum sodium carbonate dihydroxide, 
magnesium carbonate, calcium carbonate or hydrotalcite." 

Vertesy et al. in Column 1, lines 42 to 47, also correctly identifies omeprazole as a 
"proton pump inhibitor": 
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"The therapeutic aim is the complete eradication of H. pylori in the stomach. The 
therapy of choice is at present a triple combination which consists of a so-called acid 
inhibitor, for example a proton pump inhibitor such as omeprazole, and two antibiotics, 
such as, for example, clarithromycin and amoxicillin." 

It is my opinion that Vertesy et al, taken in context, correctly demonstrates the clear 
distinction between antacids and the anti-secretory drugs found in the peer literature and 
recognized by my colleagues and I. 

31. I also note a later patent application that names as inventors many of the same 
inventors listed on McGrew et al. This later patent application is Zyck et al US 
2001/0021403 (Attachment 11). The subject matter of Zyck et al is an antacid coated 
chewing gum. This application for a later invention contains the scientifically and legally 
correct definition of "antacid." (see Zyck et al., US 2001/0021403, paragraphs 0018 to 
0050). This application for a later invention also expressly differentiates between an 
antacid, on one hand, and the anti-secretory drugs (H2RA's and PPI's), on the other hand 
(see Zyck et al., US 2001/0021403, paragraphs 0051 to 0052): 

"[0051] The preferred antacids are generally carbonate or hydroxide salts of 
calcium, magnesium or aluminum, and are generally very water insoluble. When these 
materials are mixed with acids in the GI tract, the acids are readily neutralized to give 
relief from GI disturbances. Neutralizing antacids, which are insoluble inorganic salts, are 
known to neutralize stomach acidity very quickly. As a result, relief from gastrointestinal 
distress is fast and effective, but does not last long, possibly up to about 30 minutes. An 
acid blocker, when taken in combination with the antacid, will start to be effective after 
about 30 minutes, and be most effective after about 3-6 hours, and may last up to about 9- 
12 hours. 

"[0052] Examples of acid blockers are histamine H2 - receptor 

antagonists which include cimetidine, used in an over the counter (OTC) preparation 
called TAGAMET; famotidine, used in an OTC preparation called PEPCID; the 
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hydrochloride salt of rantidine, used in ZANTAC; and nizatidine, used in AXID. Some 
other types of acid blockers are called gastric proton pump inhibitors. These include 
omeprazole, used in PRILOSEC, and rabeprazole. All of these have been used for the 
treatment of digestive disorders such as gastritis, dyspepsia, gastric hyperacidity, 
heartburn, gastric oppression and peptic ulcer." 

32. The Invention (identified by the drug designation 0X17) has been clinically 
tested in a Phase II trial conducted by the assignee of the current application, Orexo AB. 
In a recent article "The Next Blockbuster Drugs" {Newsweek, July 22, 2009) (Attachment 
12), 0X17 is identified under the category of Heartburn Drugs as being a Potential 
Blockbuster (the only one so identified in this category): 

"The Potential Blockbusters: 

"There appear to be few significant near-term challengers on the horizon to the 
Nexium; the drug does not start coining off patent until 2015. But one company with a 
candidate that could be a contender is Orexo AB, with its 0X17 proton pump inhibitor. It 
is being developed for the treatment of gastro esophageal reflux disease, the most serious 
form of acid reflux. It combines two substances in an effort to provide both long-lasting 
and fast-acting heartburn relief. 

"In a Phase II trial last year, 0X17 quickly proved effective in working fast and 
continuing to work to reduce stomach acid. Earlier this year, Orexo signed an exclusive 
development deal with a yet-to-be-named partner. The company expects to announce a 
licensing deal for its 0X17 program this year, as well." 

33. In my prior Declaration (paragraphs 44 to 48), I reviewed the results of early 
clinical tests of the 0X17 material. I noted the surprising and expected beneficial clinical 
results. I concluded then (and now): 
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"The Invention provides me and my physician colleagues a therapeutic tool that 
did not exist before. Surprisingly, the Invention has shown that it is appropriate, to co- 
administer PPI and H2RA together simultaneously or concomitantly in the dosage form 
and dosage regime as I have described. The data show that co-administration of H2RA 
and PPI simultaneously or concomitantly in this manner leads to a prompt beneficial 
additive relief of symptoms on Day 1, and persists for a prolonged treatment period, if 
necessary, on demand." 

34. I have been warned that willful false statements and the like are punishable by 
fine, or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of the 
application or any patent issuing thereon. All statements I have made of my own 
knowledge are true, and all statements made upon information and belief are believed to 
be true. 




Nimish Vakil, M.D., FACP, FACG 
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ABSTRACT 

Nonerosive reflux disease is defined as the presence of 
typical symptoms of gastroesophageal reflux disease caused 
by intraesophageal acid in the absence of visible esophageal 
mucosal injury at endoscopy. Recent studies demonstrate 
that ii is a chronic disease with a significant impact on 
quality of life, and it is very common in primary care 
settings. Treatment with acid inhibitory agents is effective 
and proton pump inhibitors are the most effective form of 
therapy. (Am J Gastroenterol 2001;96:303-314. © 2001 by 
Am. Col), of Gastroenterology) 

INTRODUCTION 

Symptoms of gastroesophageal reflux disease (GERD) such 
as heartburn and acid regurgitation occur weekly in 20% of 
theadull population (1). The prevalence of reflux symptoms 
probably underestimates the true prevalence of GERD, as it 
is based solely on the presence of heartburn and/or' acid 
regurgitation. Recent data indicate that many patients with 
GERD present with symptoms such as acid reflux-related 
chest pain (noncardiac chest pain), asthma, cough, and 
hoarseness, and lack concomitant symptoms of heartburn or 
acid regurgitation (2). For instance, it has been demonstrated 
that as many as 60-70% of adult asthmatics have GERD 
Given the prevalence of asthma in the adult population in the 
United States as well as the millions of patients with non- 
cardiac chest pain, cough, and hoarseness, the true preva- 
lence of GERD is likely to be substantially greater than 20% 
Until recently our understanding of GERD was largely 
limited to patients with erosive esophagitis. Investigators 
and clinicians were concerned with erosive esophagitis for a 
number of reasons. Foremost among these was the need for 
an unequivocal criterion for the diagnosis of gastroesopha- 
geal reflux disease in clinical trials. This resulted in most of 
the literature on therapy being limited to patients with ero- 
sive esophagitis. The presence of erosive esophagitis also 
provided an objective means of measuring efficacy, as heal- 



ing could be clearly defined. These trials fostered the de- 
vclopmen. of numerous scoring systems of esophagitis (3. 
4) furthenng .merest and limiting the focus of research in 
GERD to patterns with erosive esophagitis. Compounding 
this research "bias" toward GERD patients with erosive 
esophagus was the erroneous belief thai .he adverse clinical 
impact of GERD was limited to those with erosive csonh- 
ag.tis. This belief ignored accumulating data lhat the great- 

z c r, c : ,mpac ' of gerd was ° n ° f (QOL) 

and that the impairment was similar in patients with and 
without cros.ved.sease (5). The assumption ,ha. therapeu.ic 
needs were not as great i„ P a,ie„ ts with nonerosive reflux 
dtse.se (NERD) has also been challenged by recent sttZ 
NERD therefore represents an enormously important clini- 
cal prob^m that requires a refocus of our attention and a 
priority for clinical research. 

In this article, we review what is known about the patho- 
physiology, diagnosis, and treatment of NERD, as well as its 
cos, to society and to health care systems. We also identify 

light on Ibis enormously .mportant c)inica | issw 
DEFINITION 



ThU work »„ prutMKl in p.n ,ht onmal mwunj „r.he Amcrie.n G».fo- 
enlerolojicul Aijoci«lion. Moy 16- 19, I999, Ortando. FL. 



There ,s no generally agreed upon definition of NERD in the 
■terarure. We define NERD as the presence of typical svn p- 
>oms of gastroesophageal reflux disease caused by intra- 
esophageal acid, in the absence of visible esophageal mu- 
cosal injury at endoscopy. * 

H is clear that NERD is not composed of a homogeneous 
group of patients. The functional esophageal disorders com- 
mittee that convened in Rome in J990 suggested the use of 

1< f^KifS, PH m ° ni,0rin8 as a ,00) 10 distinguish a 
subset of NERD patients as those with "functional Ibeart 
burn (6) Funct.onal heartburn was defined as burning 
re ros emal discomfort for S3 months in .he absence of 
pathological gastroesophageal reflux by 24-h esophageal pH 
momtonng and esophagitis by endoscopy. The committee 
suggested that funher distinction between subgroups of 
functional heartburn patients could be achieved by correlai- 
>ng physiological acid reflux events wj.h symp.oms of hear.- 
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Figure 1. Subcategorizalion of the nonerosive reflux disease 
(NERD) group by using 24-h esophageal pH monitoring and 
"symptom index," as suggested by the functional esophageal dis- 
orders committee in Rome in 1990 (6). 

bum (Fig. 1). As the pH test is not a gold standard for the 
diagnosis of GERD, it may not be reliable in categorizing 
the NERD group (Figs. 2-4). False negative results are not 
uncommon and may occur even in patients with docu- 
mented erosive esophagitis (7, 8). Furthermore, it has been 
demonstrated that 30-50% of NERD patients presenting 
with heartburn will have no evidence of pathological acid 
reflux by currently available diagnostic modalities (6, 9, 1 0). 

EPIDEMIOLOGY AND NATURAL HISTORY 

Gastroesophageal reflux disease represents a spectnim of 
symptoms and tissue damage. Patients may present with 
typical symptoms such as heartburn and acid regurgitation 
and/or atypical symptoms such as chest pain, hoarseness, 
and cough. In addition, patients may present with normal 
esophageal mucosa, mucosal inflammation, or complica- 



tions such as stricture and Barrett's esophagus. It has been 
demonstrated that there is no correlation between the sever- 
ity of GERD symptoms and the presence or absence of 
visible esophageal inflammation (11). 

Early studies that originated from tertiary referral centers 
suggested that approximately half of the patients presenting 
with reflux symptoms had erosive esophagitis at upper en- 
doscopy (1 1,12). However, most patients with GERD either 
self-medicate and never seek medical attention, or they art 
seen and treated by community-based physicians (13). Re- 
cent studies that were carried >out in community practice 
revealed that up to 70% of the GERD patients have NERD 
(14, 15). Therefore, erosive esophagitis does not seem to be 
as common as previously suggested. In another community- 
based study of antactd users, Robinson el at. found that 53% 
of GERD patients had NERD and two thirds of the remain- 
der had only mild erosive changes at endoscopy (16). This 
study highlights another important finding that in commu- 
nity-based patients with esophageal mucosal injury, mild 
erosive esophagitis is the most prevalent form of mucosal 
injury. 

Only a few studies, mostly retrospective, have assessed 
the natural history of NERD. In one study from Italy 33 
NERD patients were followed for a period of 6 months 
while on antacids and/or prokinetics (17). At the end of the 
follow-up period, 58% remained symptomatic and 1 5% had 
developed erosive esophagitis. A total of 42% became 
asymptomatic and were able to discontinue all medical 
therapy. There was no difference in the pattern of GERD 
between the symptomatic patients and those that became 
asymptomatic. However, this retrospective review offers 
only a short-term follow-up. J n another study from Scotland 
NERD patients with either excess or normal esophageal acid 
exposure but a positive symptom index were followed for a 
median period of 6.5 and 4.4 yr, respectively (18). In all 
87% of those with normal acid exposure and 79% of those 
with excess acid reflux remained symptomatic; 53% and 
47%, respectively, recorded their symptoms as the same or 
worse than at the original presentation, despite regular use 
of medications in 60% of patients in each group. These 
studies and others suggest that most NERD patients will 
demonstrate a chronic pattern of symptoms with periods of 
exacerbation and remission. Further delineation of the din- 



JJH 



10 
8 
6 
i 

2 



fc—fc I 



P 



Time io : 00 



22:00 



04:00 



10:00 



Figure 2. A 24-h esophageal pH recording in a patient with nonerosive reflux disease (HERD) Dunne tk» i*<. .k 

episodes of acid regurgitation (R) and one episode of heartburn (H). AH S cSe 5hS5 i l T - CX P cncnccd *™ 

symptom index. (E = meal; S = supine position.) symptoms correlate with acid reflux events, suggesting a 100% 
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ical characteristics of NERD patients over a longer period is 
needed. 



MECHANISMS OF HEARTBURN 

Heartburn is the classic symptom of GERD that is perceived 
by patients with and without mucosal injury. In patients with 
erosive esophagitis, stimulation of sensory afferent path- 
ways by acid refluxate or inflammatory mediators is con- 
sidered to be the mechanism underlying symptom genera- 
tion. The precise relationship between symptoms of 
heartburn and acid reflux events in patients with normal 
endoscopy remains to be established. 

There is evidence for the presence of nerve terminals of 
both vagal and spinal fibers within the mucosa and muscle 
layer of the esophagus (19-22). However, the precise lo- 
calization of specific intramural nerve structures thai are 
responsible for the transmission of painfully perceived, af- 
ferent information is not yet known. It seems thai activation 
of peripheral terminals of spinal rather than vagal afferents 
are a necessary condition (22). PoJymodal vagal afferents 
with receptive fields in the esophageal mucosa arc important 
in chemically or mechanically induced reflex regulation lhat 
is not associated with conscious perception under norma) 



cond.t.ons (19). Vagal afferents seem to have no role in 
vjscera pa.n transmission, except for a pain-modula.ory 
effect for certa.n types of vagal afferents and a role in 
perception of esophageal distension (23, 24) In contra 

r s ltr ■? ,ho r 10 be ^ fa £2 

rn.ss.on of discomfort and pain (25). The receptive fields for 
mechanosensnive spinal afferents are assumed to be located 
pmnanly ,„ , hc muscle and scr0M whmK ^ 

ba nerve endtngs of spinal afferents are likely to be in- 
volved ,n the mediation of acid-induced pain during topical 
exposure to intraluminal acid (20). 

The mechanisms that lead to symptoms of heartburn in 
P tier, s lackmg esophageal mucosal injury rein .in an area 
of intense research. In boih animal models and humans 
dilation of the .ntcrccllular spaces has been noted in acid 
expose ,, SSU es (26, 27). ,„ humans> (hese fi 'J 
detected by transmission electron photomicrographs in pa! 
hents with eros.ve and noneros.Ve reflux disease (27, 28. 
These findmgs may suggest that patients with reflux disease 
have an increase in paracellular permeability in the esoph- 

esophageal ep.thel.um res.de within Ihe intercellular spaces 
he increase m paracellular permeability may explain hear,-' 
bun, symptoms dunng esophageal acid exposure in patients 
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with NERD (29). However, this hypothesis provides only a 
partial explanation for the relationship between symptom 
generation and acid reflux events that has been observed in 
NERD patients. 

It is currently accepted that an excess of intraesophageal 
acid and perhaps other components of duodenogastro- 
esophagcal reflux are the primary causes for symptoms of 
heartburn in NERD patients. However, between 33% to 
50% of the patients with NERD will have normal test results 
when they undergo initial 24-b esophageal pH monitoring, 
and up to 25% will reverse diagnosis (positive to negative 
test and vice versa) on subsequent pH testing (8, 14, 30-32). 
These data suggest that in a significant number of NERD 
patients, physiological acid exposure may be sufficient to 
cause typical symptoms of heartburn. 

The specific role of the symptom index, which determines 
the percentage of symptoms that correlates with acid reflux 
events, remains to be elucidated in NERD (33). In addition, 
interpretation of a positive symptom index (>50%) in the 
setting of a normal pH test remains an area of controversy. 
Although some have considered it indicative of GERD 
(false negative pH test by conventional criteria), others have 
suggested that it might be indicative of a group of patients 
thai is highly sensitive to physiological amounts of acid 
reflux (functional heartburn) (6, 9). Patients with abnormal 
upper endoscopy are more likely to experience heartburn 
symptoms (65%) during pH testing than patients with nor- 
mal endoscopy and abnormal pH testing (32.5%) and those 
with both normal endoscopy and pH testing (21%) (34). J n 
general, patients with erosive csophagilis arc significantly 
more likely to have a positive symptom index when com- 
pared with NERD patients (33). Furthermore, patients with 
a normal upper endoscopy and 24-h pH test have a signif- 
icantly lower calculated symptom index (26% ± 10.7%) 
than those with abnormal upper endoscopy (85% i 4.6%) 
or normal endoscopy and abnormal pH testing (70% ± 
7.1%). These data suggest that patients with a norma) en- 
doscopy and 24-hpH test are less likely to have an abnormal 
symptom index (34, 35). The symptom index data may 
mean that a subset of NERD patients with physiological acid 
reflux may have hypersensitivity to acid. It is also possible 
that other non-acid-relaled intraesophageal stimuli can trig- 
ger heartburn. Animal models of afferent nerve sensitization 
have demonstrated that acid exposure can sensitize esoph- 
ageal nerve endings (chemoreceptors) directly or via inflam- 
matory mediators, resulting in lower pain thresholds (36). 
The sensitized esophageal chemoreceptors are pan of the 
spinal afTerents, which mediate esophageal sensation. Al- 
tered pain perception demonstrated by increased chemorc- 
ceptor sensitivity to acid has been shown in NERD patients 
(37, 38). This hypersensitivity to acid can be demonstrated 
in both the proximal and distal esophagus (39). However 
NERD patients seem to be less sensitive to acid when 
compared to patients with documented erosive esophagitis, 
regardless of their endoscopic grading (37, 40). 
Assessment of mechanoreceptor sensitivity using intra- 



esophageal balloon distension has yielded contradictory re- 
sults. Trimble « a/, evaluated patients with heartburn and 
excess reflux defined by abnormal upper endoscopy and/or 
24-h esophageal I pH monitoring and compared them to pa- 
t.ents w,th heartburn and a normal 24-h pH test; the results 
demonstrated that the latter group had lower volume thresh- 

d 1 I I m?T° f CSOphage81 b8,,oon dis,cnsi °" «* 
discomfort (41). This study suggests that patients with typ- 

.cal I heartburn who lack any evidence of excess acid are 
highly sensitive to mechanical stimuli. In another study 
using esophageal balloon distension delivered by an elec- 
tronic barostat, patients with NERD and erosive esophagitis 
did not demonstrate an increase in mechanosensitivity. 
when compared to normal controls (37) 

The current literature sugges , s that , here is , differemia , 
effect of long-term esophageal acid exposure on chemosen- 
s.tiy.ty and mechnosensitivity in humans. Chronic esopha- 
geal exposure to excess acid affects chemosensitive but no. 
mechanosensitive afferent pathways. Only patients with 
typical GERD symptoms and no evidence of excess acid 
demonstrate an increase in mechanosensitivity. Some ex- 

minute changes in pH that do not reach our current criterion 

Z^lT T- (pH < A) (Fig - 4) - Dm ,o su pp°* «* 

.ntr.gu.ng hypothesis are still lacking. Thus far, the axiom 
has been that pathological amount of acid is the only Z 

! »' hal °" rCSU " iD heartbum <""<> "*». "o 
heartburn ). However, as has been mentioned, heartburn 

may be reported when the extent of esophageal acid expo- 
sure is w,«h»n the physiological range in patients with either 
a negative symptom index or a complete absence of any 
documented acid reflux events (38). These data suggest that 
non-acid-related stimuli may produce heartburn as well in a 
subset of patients with NERD. 

In a recent study it has been demonstrated that chest pain 
and heartburn may be provoked in noimal subjects during 

Z fS T dis,ension ci,her in ,he o 

distal portion of the esophagus (37). Interestingly, volume 
Uuesholds for heartburn and chest pain in both esophagi 
locations were similar, suggesting that for a specific volume 
some panents will develop chest pain and others heartburn 

SZ?h VO, "T/ reSh0,d$ f0r both chcs « P* and 
heartbum did not differ significantly a, each esophageal 

location and between locations. In this study, esophageal 

balloon distension also reproduced typical heartbum symp- 

K>ms in Patients with documented GERD who were being 

treated w,th high-dose pmton pump inhibitors. This study 

c early demonstrates that acid is not the only visceral s.im 

ulus tha, may lead to heanbun, Pehlivanov L/. sugg Z 

that long.tud.nal muscle contractions of the esophagus de> 

tected only by high frequency intraluminal ultrasoundand 

no. by traditional esophageal manometry, are the motor 

equ.valent of heartburn sensation (42). These contractions 

may occur ,n the presence or absence of acid reflux Thi 

mtnguing observation requires further confirmation ' 

The data discussed so far suggest tha. NERD patients 
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mighl have either excessive or physiological acid exposure 
or even non-acid-related intraesophageaJ stimuli that result 
in the sensation of heartburn. However, it is well known that 
only the minority of acid reflux events (<20°/o) are associ- 
ated with symptoms of heartburn (Fig. 5) (43). It j s s ,jj) 
unclear what factors determine whether an acid reflux event 
will reach a conscious level'. It seems that most acid reflux 
events that are perceived occur postprandially (Fig. 5). R e - 
cently it has been demonstrated that intraduodenal fat infu- 
sion enhances perception of intraesophageal acid and may 
be a major modulator of postprandial CERD symptoms 
(44). Stress and psychological comorbidity seem also to be 
important factors in the generation of symptoms in patients 
with OERD. In a Gallup poll, 64% of individuals with 
heartburn reported that stress increased their symptoms (45) 
Through brain-gut interaction, stress may induce alterations 
in GI secretory and motor responses, however, it remains to 
be demonstrated how stress exacerbates GERD symptoms 
and whether it has a specific role in NERD patients. 

Intraesophageal pH measurements in both normal sub- 
jects and GERD patients fail to demonstrate an increase in 
acid reflux events during psychologically induced stress 
(46-48). Furthermore, acute stress does not induce signif. 
icanl changes in esophageal motility in patients with NERD 
(49). However, interventions aimed at reducing stress in 
patients with GERD (hypnosis and progressive muscle re- 
taxation technique) have resulted in subjective improvement 
in reflux symptom ratings (48, 50). Bradley et al. suggested 
that chronically anxious patients when exposed to prolonged 
stress might perceive low intensity esophageal stimuli as a 
painful reflux symptom (41). They and others have postu- 
lated that anxious patients may devote an excessive amount 
of attention to a wide variety of esophageal events (i.e.. they 
are hypervigilant) and thus may perceive such events as 
painful (47, 49). 

Baker et al (51) performed psychological assessment in 
patients with documented GERD and controls. Patients with 
reflux differed from controls on scales of depression, som- 
alizalion, anxiety, and intensity of reporting symptom dis- 



tness Jn , a secondary analysis it was shown that only 30% of 
the GERD patents accounted for the differences between 

MRD are SE"- ¥ m ° S ' *>«™« «» 

GERD are psychology similar to patients without 

mff » ? f C ' K° f P r h0, °6'«% distressed patients are 
more likey «e . be found among patients wirt, GERD. 

HTZ JS ( ? ? P8,ientS Wi ' h episodes of Un- 
burn that did not correlate with acid reflux events tie 

were found to have significantly higher levels of trait anx- 
.ety and sign.ficantly less adequate social support ZZ 
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when compared with patients with heartburn who had a 
positive symptom index. Stress and psychological comor- 
bidity seem to have an important role in symptom genera- 
tion in patients with GERD and, in particular, those with 
NERD. This emerging concept suggests that by modulating 
brain- gul interactions, symptom perception and possibly 
pathological events in the esophagus of GERD patients 
might be altered. 

Figure 6 is a conceptual model that summarizes the mech- 
anisms that are responsible for the sensation of heartburn in 
patients with NERD. It is likely that patients with NERD are 
a heterogenous group with different mechanisms responsi- 
ble for their symptoms. Some patients experience heartburn 
caused by excess acid reflux; others demonstrate esophageal 
chernoreceptor sensitivity to physiological amounts of acid. 
Another subgroup of patients will develop heartburn symp- 
toms as a result of non-acid-related intraesophageal stimuli 
(possibly motor events). The latter subgroup, despite the 
presence of typical heartburn, does not meet the criteria for 
our definition of NERD. Central factors such as stress and 
peripheral factors such as intraduodenal fat may enhance the 
perception of various intraesophageal stimuli and thereby 
modulate symptoms in patients with NERD. 



plicated Barrett's esophagus. Further research concerning 
the role of DGER in NERD patients is needed. 

INVESTIGATION 



PHYSIOLOGICAL CHARACTERISTICS 

Assessment of esophageal motor function in patients with 
NERD reveals minor motility abnormalities compared to 
normal subjects. Patients with NERD have a slightly higher 
rate of primary peristalsis failure, defined by nontransmitled 
contractions or peristaltic contractions that do not traverse 
the entire esophageal body (53). Similarly, the mean ampli- 
tude of contractions in the distal esophagus and the mean 
lower esophageal sphincter pressure are mildly reduced 
(53). NERD patients rarely demonstrate lower esophageal 
sphincter pressures <J0 mm Hg in contrast to patients with 
documented erosive esophagitis. 

Assessment of esophageal acid exposure is limited by the 
lack of a gold standard for diagnosing gastroesophageal 
reflux disease. By using ambulatory 24-h esophageal pH 
monitoring it seems that NERD patients in general have 
slightly higher mean acid exposure than normal subjects and 
significantly less acid exposure than patients with erosive 
esophagitis (54, 55). This relationship is also maintained 
when esophageal acid exposure is evaluated either in the 
erect or supine positions (56). 

By using the Bilitec 2000 (Medtronic, Minneapolis, MN), 
which delects bilirubin pigment spectrophotometrically, 
duodenogastroesophageal (DGER) reflux has been assessed 
in patients with GERD (57). The combination of both acid 
reflux and DGER correlated well with severity across the 
GERD spectrum. Esophageal exposure to both acid and 
DGER occurred in 50% of NERD patients as compared to 
79% of patients with erosive esophagitis, 89% with uncom- 
plicated Ban-en's esophagus, and 100% of those with corn- 



In patients presenting with heartburn, unless alarm symp- 
toms (such as dysphagia, bleeding, or weight loss) arc 
present, empirical therapy is currently considered the stan- 
dard of care (58). Using high-dose proton pump inhibitors 
(PPIs) for a short time, the PP1 therapeutic trial as an initial 
diagnostic approach is a potentially simple, accurate, and 
cost-effective diagnosis strategy in patients with GERD (8 
30, 31, 59). It was found that over a period of 7 days, the 
symptom response rate of patients with NERD markedly 
improved from 27.2% to 83.3% when the omeprazole dose 
was increased from 40 mg once daily to 40 mg b.i.d (59) 
This important study provides evidence that NERD patients 
also require a potent antireflux therapy for symptom control. 
Currently, there are no other studies using PPI therapeutic 
trials as a diagnostic tool in patients with NERD. 

Upper endoscopy should be performed in all patients who 
present with alarm symptoms. The use of endoscopy as a 
screening tool for Bantu's esophagus remains controver- 
sial. Although recently, practice guidelines regarding Bar- 
rett's esophagus screening have been proposed by the 
American College of Gastroenterology, there is currently no 
consensus regarding at what point patients with GERD 
should be evaluated (60). 

In patients undergoing upper endoscopy without esopha- 
geal mucosal injury, the addition of mucosal biopsy to 
detect histological changes consistent with GERD remains a 
common practice. The presence of inflammatory cells (neu- 
trophils and eosinophils), epithelial hyperplasia (basal cell 
hyperplasia and elongated papillae), and dilated vessels in 
the papillae have all been considered to be markers of 
esophageal injury secondary to GERD in patients with in- 
tact-appearing mucsoa (61). Using endoscopy and GERD 
symptoms as comparators, only 47.8% of NERD patients 
and 21.6% of normal controls had GERD-relaled histolog. 
»cai findings in biopsies obtained 4 cm above the esopha- 
gogastric junction (62). In another study, histological find- 
mgs typical of GERD were detected in 46% of NERD 
patients with abnormal pH testing, in 9% of those with 
normal pH tests, and in 29% of healthy controls (63) It 
seems from these studies that esophageal mucosal biopsies 
m NERD patients have a low yield and may not help to 
establish a diagnosis. 

Diagnostic evaluation in NERD becomes increasingly 
important in patients who fail to respond to a standard dose 
of PPI. Failure of symptom control in NERD patients re- 
ceiving PPI once a day (standard dose) is currently consid- 
cred an indication for 24-h esophageal P H monitoring (64) 
However, when 57 NERD patients who continued to have 
symptoms of heartburn on a standard dose PPI underwent 

J?.?SS i C reSUhS WCfC Within lhc norTnal ™«* 
61.1/o (65). The extent of symptom control during therapy 
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Willi standard dose PP] seems to be related to the extent of 
intraesophageal acid exposure in the distal esophagus (51). 
The greater the total time that pH is initially <4, the better 
the symptom control. Thus. NERD patients with a mildly 
abnormal or normal pH test will often fail standard dose PP) 
treatment. This may be explained by either hypersensitivity 
to acid reflux in the physiological range, which may suggest 
the need for high dose PP1 for complete acid elimination and 
consequent symptom control or by nonacid intraesophageal 
stimuli. A recent study demonstrated no increase in esoph- 
ageal chemosensilivity to acid in NERD patients who failed 
standard dose PP1 (31). 



TREATMENT OF NERD 



QUALITY OF LIFE 

A number of studies have demonstrated an impairment of 
quality of life in chronic erosive esophagitis. Tew el al. (66) 
studied the illness behavior of patients with NERD and 
found that these patients were similar to those with erosive 
esophagitis. Treatment improved both groups equally In 
general, patients with CERD experience more pain and 
greater impairment in social functioning and emotional 
well-being than patients with other chronic diseases such as 
diabetes and hypertension. For example, Chal el al. found 
impairments in comfort (vj pain), vitality, and menial health 
in GERD (67). Dimenas reported impaired psychological 
well-being scores in patients with GERD (5). A small num- 
ber of studies have evaluated patients with uninvestigated 
heartburn in primary care (68). Rust etal. demonstrated that 
impairment in quality of life was related to GERD symp- 
toms and improved with therapy (ranitidine 150 mg b id.) 
(69). Revicki ei al. (70) studied 533 patients with a history 
of heartburn for 6 months before and after therapy with 
ranitidine, 150 mg b.i.d. Patients reported significantly 
worse scores on all eight scales of the SF-36 (physical 
function and well-being, emotional well-being) compared to 
the general population. Successful treatment led to marked 
improvement in the quality of life (70). Carlsson el al. (71) 
studied patients with endoscopy-negative reflux disease 
The Psychological General Weil-Being index (PGWB in- 
dex) was used as a subjective measure of quality of life 
Quality of life was impaired in patients with endoscopy 
negative disease and patients with erosive esophagitis and 
there were no significant differences between the groups 
Omeprazole therapy improved the quality of life in both 
groups of patients (71). A recent study showed substantial 
improvement in quality of life with adequate therapy. Have- 
lund el al. (72) studied quality of life using well validated 
scales in 163 patients with NERD. Quality of life was 
restored with omeprazole 1 0 mg or 20 mg and was compa- 
rable to that in the general population. Impairment of quality 
of life appears to be similar in patients with NERD and 
patients with erosive esophagitis. There is a strong associ- 
ation between symptoms and impairment of quality of life 
Adequate treatment of symptoms therefore improves quality 
of life in patients with NERD. 



There arc numerous therapeutic options available for treat- 
>ng patients presenting with symptoms of GERD or other- 
wise suspected as having this disease. Generally these the 
apeunc options have been viewed in a hierarchy of 
he apcunc efficacy, ranging from lifestyle modifications/ 
an.ac.ds to h,s.am,nc-2 receptor antagonists (H2RAs)/pm. 
ktnct.es, '° P rolon P uni P inhibitors (PPIs), wi,h surgery 
reserve for those with continued symptoms or compL 
.tons of GERD (73). I, has bee„ gcncra))y ' 
c .means that patients with NERD would rarely demon- 
strate an incomplete response to either lifestyle modifies- 
•tons or therapy with H2Ras/prokine.ics; thus" potent ami- 
secretory therapy with PP, S or surgery should P 
necessary ,n th.s patten, population. However, there is now 
ample evidence that this assumption is incorrect, and that 
the hcrapeut.c requirements of patients with NERD arc 
similar to those with erosive esophagitis 

Some of the first evidence that H2RAs may be less .ban 
optimal as therapy for NERD came from a large US study 
of patients with heartburn treated with famotidine (74) |„ 
his trial, <30% of patients treated with H2RA twice daily 
had complete elimination of heartburn at 30 days, and little 
more than 50% of patients had relief a, the end of 3 months 
A sizable number of patients in this trial had NERD or 
m.mmal grades of esophagitis. Thus, indirectly, evidence 
began to suggest that patients with NERD might no. be as 
eas.ly treated as previously assumed. This should no. have 
been summing, given the pharmacology of H2RAs. These 

T.r;™" *° bc incfrcc,iw '•"hib.-.ing 

rapid development of pharmacological tolerance (73) These 
phai-macologicai properties affect all patients with GERD 

z^s ! r cncc of c,osive cs °p ha * iiis - 

2 NERD : r ° f ,heSC aeCn,S many pa,ie » ,s 

w,,h NERD ,s den ved from a recent trial in which symp- 
tomatic GERD patients with an incomplete rcspon eTo 
therapy with 3 months of a twice daily dose of an H2RA 
were randomucd to a further 2 months of continued therapy' 
a. .hi ; dose or to 2 months of a double dose of the H2RA 
(75). Further therapeutic response to continued use of an 

r ' T 1' 8h d ° $eS ' Was ™* modcs « '"is 'rial. 
Given the pharmacological deficiencies ofH2RAs in con- 

S : t ? ? ner $erVed by usin * 8 Poetic agent 
Prokinetics had shown some efficacy in patients with ero- 
sive esophagms, and it was hoped even greater efficacy 
could bc demonstrated in patients with NERD. However in 
a large European study, remission of symptoms eould'be 
maintained in fewer than half of .hose patients with NERD 
who were receiving cisapride (76). Thus, like what had been 
observed for H2RAs, the therapeutic efficacy of prokL i 
in patients with NERD is limited. Concerns Luuhe s " 
of csapnde also l.m.t its utility j n ,hi s setting 
There arc da.a that indicate overwhelmingly tha,, i„ pa . 
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ticnis wilh erosive csophagitis, PPIs provide superior heal- 
ing and symptom relief compared lo H2RAs or prokinciics 
(77). Similar data are emerging regarding ihe use of PPIs in 
paiienis with NERD. In a 4-wk study of patients with 
heartburn and normal endoscopy, omeprazole resulted in 
complete symptom relief in nearly 60% of patients versus 
approximately 20% of those receiving placebo (78). In a 
similar placebo-controlled trial, symptom relief at 4 wk was 
also approximately 60% in those receiving omeprazole ver- 
sus 24% of those in the placebo arm (51). There were further 
interesting observations made in this study. The therapeutic 
response was correlated with intraesophageal acid exposure: 
those patients with the greatest intraesophageal acid expo- 
sure had the greatest response (response rale, >85% in 
patients with an esophageal pH of <4 more than 10% of the 
lime, vs 54% in patients wilh a pH of <4 Jess than 4% of the 
time). Thus, in NERD patients with an abnormal pH study, 
the therapeutic response was nearly identical to that seen in 
patients with erosive csophagitis. The study also indicated 
that in those patients with functional heartburn, a therapeutic 
response would be much less likely. 

There are now trials comparing the therapeutic efficacy of 
PPIs versus H2RAs and cisapride in patients wilh NERD. In 
one study, 60% of patients treated with omeprazole had 
relief of heartburn, versus 40% of those receiving H2RAs 
(79). In that study, >50% of patients were maintained in 
remission wilh omeprazole, versus <30% of those patients 
receiving ranitidine. Similarly, in a study in the US, lanso- 
prazole has also been shown to be more effective than 
ranitidine in relieving symptoms of reflux in patients with- 
out esophagitis (80). Similar therapeutic superiority for PPIs 
has been shown in another trial comparing omeprazole to 
cisapride (81). In that study, 63% of omeprazole patients 
were free of heartburn at 4 wk, versus 46% of those receiv- 
ing cisapride. These results that demonstrate superiority of 
omeprazole over placebo in patients with NERD have also 
been confirmed in recent US studies (82). 

Although further studies are needed to clarify the efficacy 
of agents in NERD, certain conclusions can be made based 
on the evidence available in the literature. First, the thera- 
peutic efficacy of antisecretory agents seems overall to be 
lower in patients with NERD compared to those with ero- 
sive esophagitis. Whether this is related to the inclusion of 
patients without GERD in these studies (thus diluting a 
treatment effect) or whether it is attributable to some other 
factor is unclear. Second, the hierarchy of efficacy of ther- 
apy (PPI efficacy is greater than that of H2RA/prokinctics, 
which is greater than lifestyle modifications alone) that is 
seen in patients wilh erosive esophagitis is comparable for 
patients with NERD. Third, patients with NERD demon- 
strate a similar lack of efficacy to H2RAs, as do those with 
erosive csophagitis. The results of surgery in patents with 
NERD have been thought by many clinicians to be poorer 
than the results obtained in patients with esophagitis. How- 
ever there are few data to support this clinical impression. It 
is likely that patients selected for surgery based on complete 



symptom response to antisecretory therapy will have symp- 
torn outcomes similar lo those seen with csophagitis. NERD 
patients who do not respond to antisecretory therapy are 
unlikely lo have an optimal response to antireflux surgery. 
Controlled trials of antireflux surgery are needed to deter- 
mine ihe role of ihis therapy in paiienis with NERD. 

ECONOMICS OF ENDOSCOPY NEGATIVE REFLUX DISEASE 

The costs of managing chronic disease are of increasing 
importance in an era of constrained resources. Determining 
the optimal therapy for patients wilh NERD is a growing 
area of interest and research. 

Costs of Reflux Disease in (he United States 
Acid-related disorders are common problems in the US, and 
GERD is the most prevalent of these disorders. Given the 
frequency of the condition, there are surprisingly few data 
on the total cost of managing reflux disease. In large mea- 
sure, this is because information systems used in most 
institutions arc not able to capture disease-specific costs 
throughout the entire episode of care. Levin et ah (83) 
reported the cost of managing reflux disease in a managed 
care organization in California (Kmor Permancnie of 
Northern California) and calculated the GERD-relatcd costs 
in a cohort of 1500 patients with acid-related disorders. The 
total annual HMO expenditures for acid-related disorders 
was $59 million for a membership of 2.4 million members. 
The total annual direct cost of managing a GERD patient 
was $4574 wilh a total pharmacy cost of $491, outpatient 
costs or $2403 (pharmacy, outpatient visits, etc.), and inpa- 
hem costs of $1680. With adjustment of the data to deter- 
mine the costs attribulible to GERD separately, the total cost 
of managing GERD was $471 per person, with pharmacy 
costs accounting for $156 of this amount and outpatient 
costs accounting for $279; in comparison, inpatient costs 
were small at $35/per person. In the first 6 months after the 
diagnosis, outpatient costs remain the highest component 
cost of GERD management, accounting for a large propor- 
tion of the adjusted cosis ($246 out of a total of $289). 

Outpatient Costs 

Outpatient costs of managing GERD are related to office 
visits and endoscopic or radiological procedures. GERD is 
one of the most frequent indications for upper endoscopy in 
the United States. In a large database of > ] 7 000 endo- 
scopic procedures, GERD was the third leading indication 
for endoscopy (84). Wilh the understanding of the frequency 
of endoscopy-negative reflux disease, it has become appro- 
ciated that endoscopy may fail to establish a diagnosis of 
reflux disease, and alternative strategies have been pro- 
posed. Chief among these is a trial of therapy in primary 
care settings. Several studies have compared a short trial of 
acid inhibitory therapy as a diagnostic test for reflux 6)$casc 
to investigations such as a 24-h esophageal pH monitoring 
or endoscopy. They found that a trial of therapy may be an 
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effective method to diagnose patients with suspected reflux 
disease who present with symptoms of heartburn or chest 
pain. Ofman el al. reported the cost-effectiveness of the 
omeprazole test in patients with noncardiac chest pain (85) 
In patients with a cardiac cause excluded by comprehensive 
cardiac evaluation, the omeprazole lest with no subsequent 
investigations for patients who respond, and with sequential 
testing with ambulatory 24-h esophageal pH monitoring, 
esophageal manometry, and endoscopy reserved for patients' 
who do not respond, was the most effective and least ex- 
pensive strategy. Using a selective strategy of investigation 
in nonresponders to a trial of a proton pump inhibitor the 
authors calculated that a 43% reduction in procedures would 
result and that the cost-savings would be $454 per patient 
compared with a strategy of beginning with endoscopy 
followed by pH testing and esophageal manometry. Simi- 
larly, in patients with suspected reflux disease, the omepra- 
zole lesi was estimated 10 reduce the number of endoscopies 
performed by 64% and the number of pH studies by 53% 
with $348 saved per patient evaluated (86). Similarly in 
asthmatic patients, cost-effectiveness analysis suggests that 
a trial of therapy with omeprazole 20 mg/day for 3 months 
with 24-h esophageal pH monitoring reserved for nonre- 
sponders, was cost-effective (87). 

Sonnenbeig elal. performed a decision analysis compar- 
ing empirical therapy versus diagnostic testing in GERD 
(88). Empirical therapy was cost saving, with investigation 
reserved for nonresponders, despite the cost associated with 
an occasional incorTect diagnosis. However, as the duration 
of therapy becomes longer (> 1 0 yr in this particular model) 
investigation becomes more meaningful because mainte- 
nance therapy in patients who do not need therapy increases 
costs. Again, because of the relatively high cost of surgery 
a specific diagnosis is favored in this subgroup of patients 



Relief of Anxiety With Endoscopy 
In dyspepsia, it has been suggested .hat endoscopy may 
reheve anxiety and reduce subsequent health care use (91) 
These data are based on uncontrolled studies of small groups 
of patients. Other studies have shown a shon-term improve- 
ment ,„ quality of life after endoscopy in dyspeptic patients 

(92) . A recent study in a large cohort of patients suggested 
«ha patrents w,th a h,gh degree of anxiety before endoscopy 
con .nued to have high degrees of anxrety afier a nonS 
endoscopy and reassurance from the endoscopists. Patients 
wi th low levels of anxiety did not obtain significant benefi. 

(93) . A subgroup of patients with moderate anxiety did 

enZ^v i a !! ,nE ,mprovcmenl of anxie, y afte ' a »~I 

endoscopy. Endoscopy may therefore be useful in very 
selected patients for the relief of anxiety, and may be helpful 
in anx,ous patients withatypical symptoms of GERD eg 



Is Endoscopy Useful in Managing Therapy? 
Recent studies have examined the role of endoscopy in the 
management of patients with GERD. In a prospective study 
of 664 patients with symptoms of GERD who were under- 
going upper endoscopy in clinical practice, 74% of patients 
who had Barren's esophagus or erythema, erosions or ul- 
ceration at endoscopy had an increase in therapy after en- 
doscopy (89). In contrast, 35% of patients who had a normal 
endoscopy had an increase in therapy. These data suggest 
that endoscopy may influence the treatment prescribed by 
physicians. However the increase in treatment in most cases 
was based on persistent symptoms or on findings in Ihe 
stomach or duodenum. BJuslein el al. evaluated the utility of 
endoscopy in a large group of 742 patients. In all, 68% of 
patients who were still symptomatic on H2Ras were 
switched to omeprazole regardless of the findings at endos- 
copy, whereas 47% of patients taking omeprazole were 
maintained on the same therapy regardless of the findings at 
endoscopy (90). Endoscopy therefore had a limited role in 
determining therapy. 



Pharmacy Costs 

A number of economic models have examined .he cos.- 
effectiveness of treatmen, strategies for the managemen. of 
erosive esophagms, but there are few economic analyses 0 

srciir?r i cndoscop y - ncga,ivc rcflu * * 

ease Economic models .ha. are directed a. erosive esoph- 
agitis have hm.ted applicability l0 unse | ecled 

D 7 fl r,nT SOn " Cnber8 " Ql eX8mincd ■ "Ap- 
proach to the management of GERD in the VA system 

They ^evaluated a stepwise strategy beginning with a generic 

H2RA; patients who failed to respond were treated with a 

htgher dose of H2RA therapy, and those who stn a.Ted , 

2T . ™ wilh pro,on pum " inhib ^ ( P P 

™« p of SS; ,s economic n,odel su **« ,ed *• « »■ 

eraje of $91 6 per patient could be saved every 5 yr by using 
step-up strategy. In contrast, preliminary data Lm , 
chnreal tna ,n primary care suggest tha, neither step-up 0 
step-down therapy provided optimal control of heartburn 

Z o °'T k K p 1 eno< ! (95) - Recew * a ™ hi <™«. EE 

to™ 3SS? ,na,WaS '« Parents with symp- 

A toul of 268 patterns were randomized to received ome 
prazole 20 mg once a day or ranitidine (brand-name) I 2 mg 
b,.d for up to 6 months. A. 6 months, there was no signif 
.cant difference in total cos. between the groups, but Zl 
loms were better controlled in the omeprazole group ^ 
These data suggest that effective therapies, which are more 
expense to acquire, mays.il! be cost-effective over™a 
nvely short periods of time because their higher efficacy 
decreases outpafent costs related ,0 treatmen. failure 
As the natural history of endoscopy negative reflux dis- 

rT C ° ntr01 ° f Symp,0ms is «"e Principal oeu^ . 
mman of me success of therapy. To reduce the cos. of 

ntTflZT^"* a,,ema,e hms of 
™! k, Py a f C . bC,n8 W,em P led "onerosive reflux 
dtsease. New techmques of maintenance therapy offer si* 
nifican, advantages. These techniques consist of Jose ^ 
non or intermittent use ofmedication .0 reduce costs whi c 
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Mill achieving ihc goal of symptom relief. In a recent study, 
677 patients with endoscopy-negativc or miJd-lo-modcratc 
erosive GERD in primary care were randomized to raniti- 
dine 150 mg bid, low-dose omeprazole (JO mg/day), or 
standard dose omeprazole (20 mg/day) for 2 wk (97). If ihcy 
had symptom relief they continued with the maintenance 
phase of the study, in which they received 2-wk courses of 
intermittent therapy with the regimen that had worked in the 
first instance. Al the end of 1 yr of maintenance therapy, half 
of the patients did not require treatment for at least 6 months 
of the study period and had good control of symptoms, thus 
substantially reducing the cost of maintenance therapy. A 
cost analysis based on this study found no difference be- 
tween the cost of the omeprazole and ranitidine amis, using 
cost assumptions from a number of European countries that 
were part of the trial. These data suggest that on a cos! basis, 
(here is little lo be gained from a step-up approach to 
treating NERD (98). 

Another alternative is logive on-demand Iherapy, thereby 
reducing the amount of medication being used. In one study, 
424 patients with endoscopy negative reflux disease were 
randomized lo placebo or PP1 (omeprazole 20 mg or ome- 
prazole 10 mg) on demand (99). At 6 months follow-up. 
29% of patients had failed to respond to on-demand therapy 
and needed daily maintenance therapy. However 83% of 
patients randomized to on-demand therapy with omeprazole 
20 mg a day were satisfactorily maintained over the 6-month 
time frame. The mean number of omeprazole capsules used 
per day was 0.43, suggesting that the lotal medication use 
was reduced by approximately 50%. In the future, patients 
with NERD will increasingly be managed with alternative 
forms of maintenance therapy. Some conclusions regarding 
the economics of NERD can be made from the available 
data. First, the cost of managing all forms of reflux disease 
is high. Second, outpatient costs are the major component of 
the management costs of NERD. Third, endoscopy— al- 
though useful for diagnosis— has little role in management, 
which is driven by symptoms. Fourth, new methods of PP) 
administration may be an interesting new option in the 
management of NERD, combining highly effective therapy 
with less frequent administration, thereby reducing cost. 

In conclusion, NERD is a common condition in primary 
care. Many patients with NERD have moderate-to-severe 
symptoms and significant impairment in the quality of life. 
Therapy with acid-suppressive agents results in complete 
resolution of symptoms in the majority of patients and 
restores quality of life. Current data from surgical studies 
are inadequate to determine whether surgical therapy results 
in better or worse outcomes than medical therapy. Alterna- 
tive methods of treatment including on-demand therapy and 
intermittent therapy deserve further study and may help to 
reduce the costs of maintenance iherapy. 
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Control of Gastric Acid Secretion in Health and Disease 
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Recent milestones in the understanding of gastric 
acid secretion and treatment of acid-peptic disorders 
include the (1) discovery of histamine H 2 -receptors 
and development of histamine H r receptor antago- 
nists, (2) identification of H + K + -ATPase as the pari- 
etal cell proton pump and development of proton 
pump inhibitors, and (3) identification of Helicobacter 
pylori as the major cause of duodenal ulcer and devel- 
opment of effective eradication regimens. This review 
emphasizes the importance and relevance of gastric 
acid secretion and its regulation in health and dis- 
ease. We review the physiology and pathophysiology 
of acid secretion as well as evidence regarding its 
inhibition in the management of acid-related clinical 
conditions. 

Is the study of gastric acid now only of historical 
interest? Many have forgotten the central role acid 
played in shaping gastroenterology as a specialty. It was 
in the acid era rhar our specialty was defined and flour- 
ished. Acid was meticulously measured in an attempt to 
better understand and treat peptic ulcer disease, the ma- 
jor clinical challenge at that time. Fiberoptic endoscopy 
was developed to better define upper gastrointestinal 
acid-related mucosal damage. Acid neutralization con- 
sumed clinicians. Antacids were dispensed, not by the 
bottle, but by the case. Neutralizing capacity, taste, so- 
dium content, and adverse effect profile (diarrhea or 
constipation) of the various antacids were hot issues 
debated at national meetings because, to adequately con- 
trol acid, antacids were dosed 1 and 3 hours after meals 
and at bedtime. 1 Anticholinergic medications, despite 
their associated adverse effects, were prescribed before 
meals and at bedtime to prolong gastric emptying of 
antacids and to control nocturnal ulcer symptoms. 2 Gas- 
tric freezing and radiation were modalities employed to 
reduce acid in patients with "medically refractory" symp- 
toms when surgery was not a consideration. 3 Peptic ulcer 
surgery was planned based on gastric acid output mea- 
surement: high acid secretion generally indicated a more 
extensive resection. Too much postoperative acid (incom- 



plete vagotomy) meant ulcer recurrence, whereas too lit- 
tle acid (large resection) had nutritional consequences. 4 5 
Milk alkali syndrome, gastric outlet obstruction, and 
dumping syndrome, complications largely unknown to 
today's gastroenterology fellows, were common occur- 
rences. 6 All this characterized the "BC" (before cimeti- 
dine) era of gastroenterology. 

Sir James Black's Nobel Prize winning discovery of 
H 2 -receptor antagonists (H2RAs) in 1972 shed new light 
on acid secretion and changed the practice of gastroen- 
terology forever. 7 For the first time, acid could be inhib- 
ited and ulcers predictably healed. Studies showed that 
the duration and degree of acid inhibition (percentage of 
the day pH >3) determined ulcer healing, and once daily 
dosing of H2RAs at bedtime was the most efficient heal- 
ing regimen »•» In addition, continuous bedtime admin- 
istration of the medication could prevent ulcer recur- 
rence, the first step in controlling this chronic condition. 

More recently, the identification of hydrogen-potassium- 
stimulated adenosine triphosphatase (H + K + -ATPase) as the 
proton pump of the parietal cell and Helicobacter pylori (HP) 
infection as the main cause of gastric and duodenal ulcer 
(also Nobel Prize winning) heralded a new revolution in our 
understanding and treatment of acid-peptic disorders. 10 " 14 
Dosed before mealtime, proton pump inhibitors (PPIs) 
are the most effective acid inhibitors currently available 
and are the most widely prescribed class of gastrointes- 
tinal medications. Not only can peptic ulcers be healed 
more rapidly with PPIs, but refractory ulcers have all but 
disappeared. Eradication of HP with antibiotics, offered, 
for the first time, a permanent cure for most ulcers. 

Abbreviations used In this paper: CGRP, calcitonin gene-related 
peptide; GERD, gastroesophageal reflux disease; GRP. gastrin-releas- 
Ing peptide; H2RAs, Hrreceptor antagonists; HP, Helicobacter pylori; 
MEN-1, multiple endocrine neoplasia type 1; NSAID, nonsteroidal an^ 
tlinfiammatory drug; PACAP, pituitary adenylate cyclase-ectivatlng 
polypeptide; PPIs, proton pump Inhibitors; VIP, vasoactive Intestinal 
polypeptide; ZES, Zolllnger-EHlson syndrome. 
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As the prevalence of HP infection has declined, because 
of improved sanitation and efforts co eradicate the or- 
ganism, the prevalence of nonsteroidal anti-inflamma- 
tory drug (NSAJD)-induced ulcers and HP-negative/ 
NSAJD-negative ulcers has risen and is raking on greater 
clinical importance. Schwarz's dictum "no acid, no ulcer" 
remains valid, even today." Acid control remains the 
mainstay for the treatment and prevention of ulcers 
caused by NSAIDs, gastrinoma (Zollinger-Ellison syn- 
drome [ZES]), and stress as well as HP-negative/NSAID- 
negative idiopathic ulcers. 16 - 17 

The era of effective management of ulcers has ushered 
in a new acid-related challenge, gastroesophageal reflux 
disease (GERD), Until recently, the clinical importance of 
reflux had been largely underappreciated because peptic 
ulcers were so prominent. As with ulcers, the duration 
and degree of acid inhibition were shown to correlate 
with healing of erosive esophagitis and control of reflux 
symptoms. 18 However, a greater degree and duration of 
24-hour acid inhibition were required to effectively man- 
age GERD than H2RAs could provide. Although H2RAs 
could improve the condition, they could not predictably 
heal esophagitis (especially severe grades) or eliminate 
symptoms. It was this clinical niche for which the PPIs 
were ideally suited. PPIs can predictably heal esophagitis, 
no matter how severe, and prevent recurrence. 19 * 20 Al- 
though currently available PPIs can eliminate most reflux 
symptoms, better therapies are needed to eliminate 
nighttime reflux, symptoms in patients with endoscopic- 
negative reflux disease, and alleged extraesophageal man- 
ifestations of GERD such as cough and asthma. 2123 

The purpose of this review is to reemphasize the im- 
portance and relevance of gastric acid secretion and its 



regulation. We will review the physiology and pathophys- 
iology of acid secretion as well as evidence regarding its 
inhibition in the management of acid-related clinical 
conditions. As we reexamine and update this area, we 
hope to rekindle the excitement surrounding acid that 
was at the roots of gastroenterology and provide infor- 
mation relevant to the future care of patients with acid- 
peptic disorders. 

Functional Anatomy of the Stomach 

Mucosal Anatomy 

The stomach consists of 3 topographic (fundus, 
corpus, and antrum) and 2 functional (oxyntic and py- 
loric gland) areas. The oxyntic gland area, the hallmark of 
which is the oxyntic (oxys> Greek for acid) or parietal cell, 
comprises 80% of the organ (fundus and corpus). The 
pyloric gland area, the hallmark of which is the gastrin or 
G cell, comprises 20% of the organ (antrum). It is esti- 
mated that the human stomach contains 1 X 10 9 parietal 
and 9 X 10 6 gastrin cells." There is debate as to whether 
the cardia, a transition zone of 0-9 mm between the 
squamous mucosa of the esophagus and the oxyntic 
mucosa of the stomach, exists as a normal anatomic 
structure or develops as a result of abnormal reflux. 
Autopsy and endoscopic studies suggest that cardiac mu- 
cosa is absent in over 50% of the general population. 25 

The oxyntic gland area is organized in vertical tubular 
units that consist of an apical pit region, an isthmus, and 
the actual gland region that forms the lower part of the 
unit (Figure 1). The gland consists of a neck and a base. 
The progenitor cell of the gastric unit, located in the 
isthmus, gives rise to all gastric epithelial cells. The mu- 



OXYNTIC GLAND 



Figure 1. Functional mucosal 
anatomy. Somatostatin-contain- 
ing 0 cells contain cytoplasmic 
processes that terminate in the vi- 
cinity of acid-secreting parietal 
and histamine-secreting entero- 
chromaff in-like cells in the oxyntic 
gland area (fundus and corpus) 
and gastrin-secreting G cells in 
the pyloric gland area (antrum). 
The functional correlate of this 
anatomic coupling is a tonic 
paracrine restraint exerted by 
somatostatin on acid secretion 
that is exerted directly on the pa- 
rietal cell as wefl as indirectly by 
inhibiting histamine and gastrin 
secretion. 
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cus-producing pit cells migrate upward from the progen- 
itor cell toward the gastric lumen. Acid-secreting parietal 
cells migrate downward to the middle and lower regions 
of the gland. As parietal cells descend to the deeper 
regions, they become less active acid producers. 26 The 
turnover time for parietal cells is 54 days in mouse and 
164 days in rat. i4 In rat and human, zymogenic (chief) 
cells predominate at the base of the glands and secrete 
pepsinogen and leptin 27 ; the latter is also present in 
parietal cells. 28 Neuroendocrine cells containing a host of 
potential hormonal and paracrine signaling agents are 
contained within the gland, only some of which have 
been assigned physiologic functions: (1) enterochromaf- 
fin (EC) cells contain atrial natriuretic peptide (ANP), 
serotonin, and adrenomedullin 29 - 30 ; (2) enterochromaf- 
fin-like (ECL) cells contain histamine* 1 - 32 ; (3) D cells 
contain somatostatin and amylin 33 ^; and (4) A-like or 
Gr cells contain ghrelin and obestatin. 3s > 36 Neuroendo- 
crine cells comprise 2% of epithelial cells in rat and 1% in 
human. 32 ECL cells constitute 66% of the neuroendocrine 
cell population in rat and 30% in human. Somatostatin- 
containing D cells possess cytoplasmic processes that 
terminate in the vicinity of parietal and ECL cells. The 
functional correlate of this anatomic coupling in rat, dog, 
and human oxyntic mucosa is a tonic paracrine restraint 
exerted by somatostatin on acid secretion directly as well 
as indirectly by inhibiting histamine secretion 37 - 39 (Fig- 
ure 1). 

Somatostatin-containing D cells are also present in the 
pyloric gland area; in this region, they exert a tonic 
paracrine restraint on gastrin secretion from G cells 4041 
(Figure 1). The pyloric gland also contains EC cells (ANP 
and serotonin), A-like or Gr cells (ghrelin and obestatin), 
and endocrine cells containing orexin. 30 ' 42 - 43 

Neural Anatomy 

The stomach is innervated by a neural network, 
the enteric nervous system (ENS), that contains intrinsic 
neurons and processes of extrinsic efferent and afferent 
neurons. The ENS, the third division of the autonomic 
nervous system (the other 2 being the sympathetic and 
parasympathetic), is often referred to as the "little brain" 
because it contains as many neurons as the spinal cord, 
MO 8 , and can function autonomous of central input. 44 
In rat and guinea pig, most of the intrinsic neural inner- 
vation of the stomach originates in the myenteric plexus, 
located between the circular and longitudinal muscle 
layers; the submucosal plexus, adjacent to the mucosal 
layer, contains only a small number of neurons. Humans, 
in contrast, have a clearly defined submucosal plexus. It 
should be noted that the vagus nerve contains 80%-90% 
afferent fibers and only 10%-20% efferent fibers. The 
efferent fibers are preganglionic and do not directly inner- 
vate parietal or neuroendocrine cells but rather synapse with 
postganglionic neurons of the ENS (Figure 2). The post- 
ganglionic neurons contain a variety of transmitters includ- 
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Figure 2. Functional neural anatomy. The vagus contains pregangli- 
onic neurons that synapse with postganglionic neurons wrthin the wall 
of the stomach that are part of the enteric nervous system. The post- 
ganglionic neurons contain a variety of transmitters including acetylcho- 
line tACh), gastrin-releasing peptide (GRP or mammalian bombesin) 
vasoactive intestinal polypeptide (WP), and pituitary adenylate-cyclase 
activating polypeptide (PAOAP). In the stomach, calcitonin gene-related 
peptide (CGRP) neurons are sensory and of extrinsic origin; they can be 
activated by luminal acid and acute infection with Helicobacter pylori 
(HP}. The postganglionic neurons regulate acid secretion directly and/or 
indirectly by modulating the secretion of gastrin from G cells, soma- 
tostatin from D cells, histamine from enterochromaffin-like [ECL) cells 
and atrial natriuretic peptide from enterochromaffin {EC) cells. 

ing acetylcholine (ACh), gastrin-releasing peptide (GRP), 
vasoactive intestinal polypeptide (VIP), pituitary adenylate 
cydase-activating polypeptide (PACAP), nitric oxide, and 
substance P « In rat and human stomach, nerve fibers 
containing calcitonin gene-related peptide (CGRP) are of 
extrinsic origin, ie, the cell bodies are located outside the 
stomach wall. 46 Postganglionic neurons of the ENS reg- 
ulate acid secretion directly, as is the case for ACh, and/or 
indirectly by modulating the secretion of gastrin from G 
cells, somatostatin from D cells, histamine from ECL 
cells, and ANP from EC cells (Figure 2). 

Gastric Acid Secretion: Neural, 
Hormonal, Paracrine, and Intracellular 
Regulation 

Parietal cells secrete hydrochloric acid at a concen- 
tration of approximately 160 mmol/L or pH 0.8. Acid is 
thought to gain access to the lumen via channels in the 
mucus layer created by the relatively high incraglandular 
hydrostatic pressures generated during secretion, approxi- 
mately 17 mm Hg< 7 Most studies indicate that the rate of 
acid secretion by the human stomach changes little with 
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Figure 3. Model illustrating parietal cell receptors and transduction 
pathways. The principal stimulants of acid secretion at the level of the 
parietal cell are histamine (paracrine), gastrin (hormonal), and acetycho- 
line flCh\ neurocrine). Histamine, released from enterochromaffin-like 
(ECL) cells, binds to H 2 receptors that activate adenylate cyclase IAQ 
and generate cAMP. Gastrin, released from G cells, binds to CCK 2 
receptors that activate phospholipase C to induce release of cytosolic 
calcium (Ca^ + ). Gastrin stimulates the parietal cell directly and. more 
importantly, indirectly by releasing histamine from ECL cells. ACh, re- 
leased from intramural neurons, bind to M 3 receptors that are coupled 
to an increase in intracellular calcium. The intracellular cAMP- and cal- 
cium-dependent signaling systems activate downstream protein ki- 
nases ultimately leading to fusion and activation of H*K~ -ATPase, the 
proton pump. 



aging unless there is coexisting disease of the oxyntic mu- 
cosa such as infection with HP or atrophic gastritis. 48 - 49 

Acid facilitates the digestion of protein and absorption 
of iron, calcium, and vitamin B-12 as well as prevents 
bacterial overgrowth and enteric infection. 50 However, 
when levels of acid (and pepsin) overwhelm mucosal 
defense mechanisms, ulcers occur. To prevent such dam- 
age, gastric acid must be precisely regulated. This is 
accomplished by a highly coordinated interaction of neu- 
ral, hormonal, and paracrine pathways. These pathways 
can be activated directly by stimuli originating in the 
brain or reflexively by stimuli originating in the stomach 
such as distension, protein, and acid. 

The principal stimulants of acid secretion are (1) hista- 
mine, released from ECL cells (paracrine); (2) gastrin, re- 
leased from G cells (hormonal); and (3) ACh, released from 
postganglionic enteric neurons (neurocrine) (Figure 3). 
These agents interact with receptors coupled to 2 major 
signal transduction pathways: adenylate cyclase in the 
case of histamine and intracellular calcium in the case of 
gastrin and ACh (Figure 3). In isolated dog and rabbit 
parietal cells, there is evidence for potentiation (or syn- 
ergism) between histamine and either ACh or gastrin, 
probably as a result of postreceptor interaction between 
the 2 signaling pathways. 51 The main inhibitor of acid 
secretion is somatostatin, released from oxyntic and py- 
loric D cells (paracrine). Each of these agents acts directly 



on the parietal cell as well as indirectly by modulating the 
secretion of neuroendocrine cells. 

Histamine 

Histamine, produced in ECL cells by decarboxy- 
lation of L-histidine by histidine decarboxylase (HDC), 
stimulates the parietal cell directly by binding to H 2 
receptors coupled to activation of adenylate cyclase and 
generation of adenosine 3 , ,5 , -cydic monophosphate 
(cAMP). 52 Histamine also stimulates acid secretion indi- 
rectly by binding to H 3 receptors coupled to inhibition of 
somatostatin and thus stimulation of histamine and acid 
secretion 53 54 (Figure 4). Gastrin, PACAP, VIP, and ghrelin 
stimulate, whereas somatostatin, CGRP, prostaglandins, 
peptide YY (PYY), and galanin inhibit histamine secre- 
tion. 55 ' 56 ACh has no direct efFect on histamine secre- 
tion. 57 - 59 

Gastrin 

Gastrin, the main stimulant of acid secretion dur- 
ing meal ingestion, is produced in G cells of the gastric 
antrum and, in much lower and variable amounts, in the 
proximal small intestine, colon, and pancreas. Gastrin is 
synthesized as a large precursor molecule of 101 amino 
acids, which is processed to yield the glycine-extended 
peptides G34gly and G17gly, which, in turn, are ami- 
dated to yield G34amide and G17amide. In human an- 
trum, the concentration of amidated gastrin is approxi- 
mately 5-fold greater than that of glycine-extended 
gastrin, whereas in the circulation there are approxi- 
mately equal concentrations of amidated and glycine- 
extended gastrins. 60 - 6 ' The half-life ofG17 in the plasma of 
pigs is approximately 3.5 minutes; it is metabolized primar- 
ily by the kidney and, in addition, the intestine and liver. 62 - 63 
In patients with renal insufficiency, fasting blood levels of 
G17, G34, and Gly-gastrin are elevated. 6465 It should be 
noted that the commercially available test substance penta- 
gastrin (Peptavlon) is not a naturally occurring peptide 
but rather is a manufactured analogue that contains the 
biologically active C-terminus sequence Trp-Met-Asp- 
Phe-NH 2 . r 

Gastrin and cholecystokinin (CCK) possess an identi- 
cal carboxyl-terminal pentapeptide sequence (-Gly-Trp- 
Met-Asp-Phe-NH 2 ). Two main classes of gastrin/CCK re- 
ceptors have been characterized: CCK, (formerly CCK-A) 
and CCK 2 (formerly CCK B or CCKa/gastrin). CCK, recep- 
tors are specific for CCK, whereas CCK 2 receptors recog- 
nize both CCK and gastrin with high affinity. CCK 2 
receptors have been identified on human parietal and 
ECL cells where they are coupled to activation of phos- 
pholipase C and release of intracellular calcium. 66 - 6 * 
There is debate as to whether activation of the parietal 
cell CCK 2 receptor leads to acid secretion. 69 - 70 It seems 
that intracellular concentrations of cAMP must first be 
above a threshold before gastrin can directly stimulate 
the parietal cell. 517 " It is thought that the primary action 
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Figure 4 Model floating the neural, paracrine, and hormonal regulation of gastric acid secretion. Efferent vagal fibers synapse with intramural 
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SST-contamtng D cells to parietal cells and to ECL cells in the fundus. Histamine released from ECL cells acts via H 3 receptors to Wbft^^ 
This serves to accentuate the decrease in SST secret™ induced by cholinergic stimuli and thus augments acidS^ 
paracrine . pathways ^SST-conta.n,ngD cells to gastrin cells 

,n both the fundus and antrum; the latter is mediated via release of calcrtonin gene-related peptide (CGKP) from extri™ T^Tf^J^ZZ 
infectbnwrthHPalso activates CGRP neurons to stimulate SST arxi thus inhibK gastrin secret^ 

HP, the organism or cytokines released from the inflammatory infiltrate inhibit SST and thus stimulate gastrin (and acid) secret™ 



of gastrin on the parietal cell may be to sensitize it to 
other secretagogues through cross talk/synergisric inter- 
action between the signaling pathways. Activation of the 
CCK 2 receptor on the ECL cell with release of histamine 
is presently thought to be the main pathway by which 
gastrin stimulates acid secretion (Figures 3 and 4),« 7 .*« 
Gastrin regulates the secretion and synthesis of hista- 
mine in a biphasic manner. The first phase involves 
release of stored histamine. The second phase relates to 
the replenishment of histamine stores and involves an 
increase in HDC activity followed by an increase in HDC 
gene transcription. 72 H 2 receptor, HDC, and CCK 2 recep- 
tor knockout mice manifest decreased acid secretion, 
especially in response to gastrin. 73 75 

ACh, GRP, secretin, )32//33-adrenergic agonists, cal- 
cium, aromatic amino acids, and alcoholic beverages pro- 
duced by fermentation stimulate, whereas somatostatin, 
galanin, and adenosine inhibit gastrin secretion. In addi- 
tion, at least 2 negative feedback pathways, mediated via 
release of somatostatin, regulate gastrin secretion. The 
first is activated by luminal acidity and, in rats, involves 
sensory CGRP neurons (Figure 4). Low intragastric pH 
(high intragastric acidity) activates CGRP neurons that, 
via an axon reflex, stimulate somatostatin and thus in- 



hibit gastrin secretion. 76 -™ Conversely, when intragastric 
pH rises (low intragastric acidity), for example, by anti- 
secretory medications such as PPIs or gastric atrophy, 
somatostatin secretion is inhibited, and patients develop 
hypergastrinemia. There is some evidence, in mouse, that 
bacterial overgrowth induced by hypochlorhydria may 
also contribute to hypergastrinemia. 7 * The second nega- 
tive feedback pathway involves a paracrine pathway 
whereby gastrin directly stimulates somatostatin and 
thus attenuates its own secretion (Figure 4). 80 

Gastrin is also a trophic hormone. CCK 2 receptors have 
been localized to the progenitor zone in oxyntic glands, 
and chronic hypergastrinemia induces proliferation of 
ECL and parietal cells direcdy as well as indirectly via the 
autocrine or paracrine action of growth factors such as 
heparin-binding epidermal growth factor, amphiregulin, 
transforming growth factor-a, metalloproteinases, and 
regenerating islet-derived 1 "w Rats rendered hypergas- 
trinemic with a PPI demonstrate a 5-fold increase in the 
number of ECL cells and a 1.5-fold increase in the num- 
ber of parietal cells. 83 Gastrin acts directly on ECL cells to 
induce hyperplasia, dysplasia, and eventually neoplasia 
(carcinoids). 84 In contrast to rodents, humans rarely de- 
velop carcinoid tumors in response to hypergastrinemia 
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unless other Factors are present such as chronic atrophic 
gastritis or gastrinoma associated with multiple endo- 
crine neoplasia type 1 (MEN-l). 85 In the latter, carcinoids 
occur in 13% to 43%. Because ECL cells contain soma- 
tostatin subtype 2 receptors, somatostatin scintigraphy 
with ( n, In-DTPA]octreotide is the preferred imaging 
method to detect carcinoid tumors with an overall sen- 
sitivity of 80% to 100%. 86 . 87 

ACh 

Muscarinic receptors on parietal cells are of the 
M 3 subtype. Like CCK 2 receptors, M 3 receptors are cou- 
pled to activation of phospholipase C with generation of 
inositol trisphosphate and release of intracellular calcium 88 
(Figure 3). Alcoholic beverages produced by fermentation 
stimulate gastric acid secretion, and the effect may be 
mediated via activation of M 3 receptors. 89 ACh also stim- 
ulates acid secretion indirectly by activating M 2 and M< 
receptors on D cells coupled to inhibition of somatosta- 
tin secretion, thus removing the tonic restraint exerted by 
this peptide on gastrin, ECL, and parietal cells (Figure 4). 
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Miscellaneous Substances 

Most studies report that ghrelin stimulates acid se- 
cretion, although one study reported no effect on basal 
secretion and a decrease in pentagastrin-stimulated acid 
secretion in awake rats equipped with a gastric fistula 97 . 98 
The stimulatory effect of ghrelin appears to involve the 
vagus nerve and histamine release because the stimula- 
tory effect is abolished by vagotomy and is associated 
with an increase in HDC messenger RNA. 99100 

ANP, CCK, secretin, glucagon-like peptide, peptide YY, 
adrenomedullin, amylin, neurotensin, glucose-dependent 
insulinotropic polypeptide, leptin, and epidermal growth 
factor stimulate somatostatin and thus inhibit acid se- 
cretion «.3o,33 (1 oi CCK may a$ g physidogic ^ 

terogastrone, ie, an intestinal factor responsible for the 
inhibition of acid secretion induced by the presence of 
nutrients in the intestine™^ Interleukin-1/3 and sero- 
tonin inhibit acid secretion. 1 0410S 

H+K+-ATPase 

Parietal cell secretion is increased by activation of 



Somatostatin 

The main inhibitor of acid secretion is somatosta- 
tin. Somatostatin is synthesized from a 92-amino acid 
preprosomatostatin precursor molecule that is processed 
to yield somatostatin- 14 and somatostatin-28. Soma- 
tostatin-14 is predominantly found in stomach, pancre- 
atic islets, and enteric neurons, whereas somatostatin-28 
is the major form in the small intestine. 

In stomach, somatostatin cells are closely coupled to 
their target cells (eg, parietal, ECL, and gastrin cells) 
either directly via cytoplasmic processes or indirectly via 
the local circulation. 3 ".* 1 In rat, dog, and human, the 
functional correlate of this anatomic coupling is a tonic 
restraint exerted by somatostatin on acid secretion from 
the parietal cell, histamine secretion from the ECL cell, 
and gastrin secretion from the G cell. 37 - 38 ' 4, . 91 . 9 2 Remov- 
ing this restraint (ie, disinhibition or elimination of the 
influence of an inhibitor), by activation of cholinergic 
neurons, is an important physiologic mechanism for 
stimulating acid secretion. In the stomach, the actions of 
somatostatin are thought to be mediated via the soma- 
tostatin subtype 2 receptor. 93 - 95 Gastrin, GRP, VIP, 
PACAP, 02//33-adrenergic agonists, secretin, ANP, ad- 
renomedullin, amylin, adenosine, and CGRP stimulate, 
whereas ACh and interferon-y inhibit somatostatin se- 
cretion. As mentioned above, an increase in luminal acid- 
ity acts to attenuate acid secretion via a pathway involv- 
ing release of somatostatin in both antrum and fundus. 
In mouse, the change in somatostatin secretion is encom- 
passed by luminal acidity in the range of pH 3 to pH 5, 
which is within the range observed after ingestion of a 
meal. 96 



intracellular cAMP- and calcium-dependent signaling 
pathways that activate downstream protein kinases, ulti- 
mately leading to fusion and activation of H + K*-ATPase, 
the proton pump (Figure 3). This enzyme, which consists 
of 2 subunits, catalyzes the electroneutral exchange of 
luminal K + for cytoplasmic H+. The a-subunit carries 
out the catalytic and transport functions of the enzyme 
and also contains sequences responsible for apical mem- 
brane localization. ">« The 0-subunit, which is heavily 
glycosylated, protects the enzyme from degradation and 
is necessary for trafficking to and from the plasma mem- 
brane. 107 

In the resting unstimulated state, H + K 4 -ATPase activ- 
ity is contained predominantly within cytoplasmic tubu- 
lovesicles. Upon stimulation, these vesicles fuse with the 
apical plasma membrane, resulting in extensive infold- 
ings. Upon cessation of secretion, the H + K + -ATPase is 
retrieved from the apical membrane, and the tubulove- 
sicular compartment is reestablished. The precise mech- 
anism regulating trafficking are not known, but data 
suggest that it involves actin-based microfilaments, small 
GTPases, docking/fusion proteins, cytoskeletal linkers, 
and clathrin. ,08 - ,1 ° 

Current PPIs (eg, omeprazole) consist of 2 heterocyclic 
moieties, a pyridine and a benzimidazole ring, connected 
by a methylsulfiny] group. They are weak bases (pKa 4 -5) 
that are membrane permeable in the nonprotonated 
form and relatively impermeable in the protonated form. 
As a result, they accumulate in acidic spaces with a pH 
<4. The pKa of a molecule, which is based on a logarith- 
mic scale, refers to the degree of willingness of the com- 
pound to accept or donate a proton. When a compound 
is in an environment with a pH equal to its pKa, half the 
molecules will be protonated, and half will be nonproto- 
nated. In blood (pH 7.4), PPIs are essentially nonproto- 
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nared and thus pass readily into and through cells (time 
to reach peak plasma concentration, -2 hours; elimina- 
tion half-life, -1 hour). However, when they enter the 
secretory canaliculus of the parietal cell (pH <1), >99.9% 
of the PPI becomes protonated and trapped, 1 1 1 PPIs then 
undergo an acid-catalyzed chemical rearrangement, prob- 
ably to a sulfenamide or sulfenic acid, that permits them 
to inhibit H + K + -ATPase by forming covalent disulfide 
bonds with cysteine residues on the luminally exposed 
a-subunit of the H + K + -ATPase. 112 Whereas all PPIs bind 
to cysteine 813, omeprazole also binds to cysteine 892, 
lansoprazole to cysteine 321, and pantoprazole to cys- 
teine 822. Because only the inserted H 4 K + -ATPase is 
susceptible to blockade by PPIs and an acid environment 
(pH <4) is necessary for both trapping and activating the 
PPI, the potency of PPIs is decreased when they are 
administered during the basal state or when acid secre- 
tion is inhibited. 11 3 « 11 4 Because most pumps are inserted 
with breakfast, it is recommended that PPIs be taken a 
half hour to 1 hour before the first meal. If greater 
inhibition is needed, an additional dose should be taken 
before dinner. Seventy percent of primary care physicians 
and 20% of gastroenterologists prescribe PPIs subopti- 
mally, either at bedtime or unrelated to food intake; this 
is the most common cause of PPI failure. ns 

Autoimmune gastritis is an inflammatory disorder of 
the oxyntic mucosa often associated with antiparietal cell 
autoantibodies directed against H^lC-ATPase with sub- 
sequent loss of parietal cells. 116 H 4 K + -ATPase is a major 
autoantigen in a subset of patients infected with HP, and 
these antibodies may play a role in the subsequent devel- 
opment of atrophic gastritis. It is postulated that anti- 
bodies are acquired due to molecular mimicry between 
HP lipopolysaccharide and H + K + -ATPase, both of which 
contain Lewis epitopes. 1,7 Interestingly, a proportion of 
patients with duodenal ulcer, approximately 20%, also 
have antiparietal cell antibodies, These patients have 
more severe body gastritis, higher gastrin levels, and de- 
creased peak acid outputs compared with patients with 
duodenal ulcer without antibodies. 118 



Apical Channels 

Proton secretion occurs in the parietal cell by 
exchanging H + for K + via the H + K + -ATPase. This is 
coupled with extrusion of CI* via an apical chloride 
channel and K + via an apical potassium channel. Parietal 
cell proton secretion is impaired by (1) knockout of 
KCNE2, a gene that encodes single transmembrane do- 
main subunits that regulate the function of voltage gated 
potassium channels, 119 and (2) inhibition of cystic fibro- 
sis transmembrane conductance regulator, a cAMP-regu- 
lated chloride channel present in parietal cells. 120 These 
channels may provide targets for the development of 
novel antisecretory drugs. For example, AZD0865 (8-[2,6- 
dimethylbenzyI)amino]-N-(2-hydroxyethyl)-2,3-dimethy- 
limidazofl^-aJpyridine-^-carboxamide), a drug that in- 



hibits H + K + -ATPase by potassium-competitive binding 
at or near the potassium binding site of the enzyme, may 
have a more rapid onset and longer duration of effect 
than PPIs and effectively heals esophagitis. 121 

Integrated Response to a Meal; Interplay of 
Neural, Paracrine, and Hormonal Mechanisms 

Stimuli originating inside and outside the stom- 
ach converge on gastric efferent neurons that are the 
primary regulators of acid secretion. The effector neurons 
comprise cholinergic neurons and 3 types of noncholin- 
ergic neurons: GRP, VIP, and PACAP neurons. The neu- 
rons act on target cells direcdy as well as indirectly by 
regulating release of gastrin, histamine, somatostatin, 
and ANP (Figures 2 and 4). 

During the basal state, acid secretion is maintained at 
an economically low level by the continuous inhibitory 
restraint exerted by somatostatin on the G cell (gastrin) 
in the antrum and on the ECL (histamine) and parietal 
cell (acid) in the fundus/body. During meal ingestion, 
maximal secretion may be achieved by removing the 
inhibitory influence of somatostatin while at the same 
time directly stimulating acid and gastrin secretion. This 
is accomplished, in large part, by activation of cholinergic 
neurons (Figure 4). Anticipation of a meal activates cen- 
tral neurons whose input is relayed via the vagus nerve to 
gastric intramural cholinergic neurons. In the fundus/ 
body, ACh, released from cholinergic neurons, stimulates 
the parietal cell directly, as well as indirectly, by eliminat- 
ing the inhibitory paracrine influence of somatostatin on 
parietal and ECL cells." 122 The resultant increase in 
histamine stimulates acid secretion directly via H 2 recep- 
tors on the parietal cell and indirectly via H 3 receptors 
that mediate suppression of somatostatin secretion (Fig- 
ure 4).".'" Thus, histamine, acting via H 3 receptors, 
amplifies the ability of secretogogues to stimulate acid 
secretion by suppressing somatostatin secretion. The net 
effect of cholinergic neurons is suppression of all para- 
crine inhibitory influence (ie, somatostatin) and enhance- 
ment of paracrine stimulatory influences (ie, histamine 
acting via H 2 receptors) on parietal cells. There is some 
evidence that PACAP, a member of the glucagon/VIP 
superfamily of regulatory peptides, may participate in the 
regulation of acid secretion, but its precise physiologic 
role in this region of the stomach is un certain. 30 - 12 <. 125 
PACAP is present in gastric mucosal nerves and is capable 
of releasing histamine from ECL cells and somatostatin 
from D ceils. The net effect of exogenous PACAP on acid 
secretion has been reported to be either stimulation or 
inhibition, depending on the relative contributions of 
released histamine and somatostatin in each prepara- 
tion. 124 . 126 . 127 

In antrum, cholinergic neurons stimulate gastrin secre- 
tion direcdy as well as indirecdy by suppressing somatosta- 
tin secretion (Figure 4) This is accomplished by 
a direct inhibitory effect of ACh on somatostatin secretion 
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as well as an indirect inhibitory effect mediated by suppres- 
sion of ANP secretion (Figure 4). 30 .w«° In physiologic 
concentrations, gastrin stimulates parietal cells indirectly 
by enhancing histamine secretion. 1 4 m «2 In addition, pro- 
tein activates GRP neurons that stimulate gastrin secre- 
tion directly (Figure 4). 

As the meal empties the stomach, a number of para- 
crine and neural pathways are activated to restore the 
inhibitory influence of somatostatin in the fundus/body 
and antrum and hence restrain acid secretion (Figure 4). 
First, a stimulatory paracrine pathway linking gastrin to 
antral somatostatin cells is activated that acts to restore 
antral somatostatin secretion after release of gastrin. 80 
Second, there is less activation of cholinergic neurons by 
anticipation of the meal as well as by protein and disten- 
tion. Third, as distention decreases, VIP neurons are 
preferentially activated that stimulate somatostatin se- 
cretion. 137 Fourth, as the buffering capacity of the meal is 
lost, antral and fundic/body somatostatin cells are ex- 
posed to the full stimulatory effect of luminal acid. Fifth, 
amylin, released from D cells, stimulates somatostatin 
secretion. 33 The resultant increase in antral and fundic 
somatostatin secretion attenuates gastrin and acid secre- 
tion and eventually restores the basal interdigestive state. 
This state is marked by the continuous restraint exerted 
on G (gastrin), ECL (histamine), and parietal cells (acid) 
by contiguous somatostatin cells. A decrease in this re- 
straint is sufficient to again initiate acid secretion. 

Perturbations in Acid Secretion Induced by HP 
HP colonizes half the world's population and is a 
cause of acute gastritis, chronic gastritis, and gastroduo- 
denal ulceration. Acute infection results in hypochlorhy- 
dria, whereas chronic infection results in either hypo- or 
hyperchlorhydria (Figure 5). Appreciation of the path- 



ways discussed above provides some insight into the 
mechanisms whereby HP infection may lead to ulcer- 
ation. Acute infection with HP is associated with hypo- 
chlorhydria.' 43 -"* The decrease in acid secretion is 
thought to facilitate survival of the organism and colo- 
nization of the stomach."" The mechanism whereby HP 
inhibits acid secretion is multifactorial and includes (1) 
direct inhibition of the parietal cell (and perhaps ECL 
cell) by a constituent of the bug (eg, vacuolating cyto- 
toxic lipopolysaccharide, or acid-inhibitory factor) and 
(2) indirect inhibition of parietal cell function as a result 
of changes in cytokines as well as hormonal, paracrine, 
and neural regulatory mechanisms. 148 - 151 HP itself inhib- 
its human H + K + -ATPase a-subunit gene expression. 152 It 
also elicits secretion of at least 2 cytokines, interleukin 1)3 
and tumor necrosis factor-a, that directly inhibit parietal 
cell secretion." 5 In preliminary studies, we have shown 
that HP activates CGRP sensory neurons coupled to 
stimulation of somatostatin and thus inhibition of gas- 
trin, histamine, and acid secretion. 153 

Chronic infection with HP may be associated with 
either decreased or increased acid secretion, depending 
on the severity and distribution of gastritis (Figure 5). 154 
Most patients chronically infected with HP manifest a 
pangastritis and produce less than normal amounts of 
acid. 155 Reduced acid secretion, at the onset, is thought 
to be due to functional inhibition of parietal cells by 
either products of HP itself or, more likely, products of 
the inflammatory process, as discussed above for acute 
infection 156 157 ; this is usually reversible upon eradication 
of the bug.'"-'" In such patients, HP may be protective 
against GERD, Barrett's esophagus, and esophageal ade- 
nocarcinoma as well as augment the antisecretory effect 
of PPIs. 1611 " Conversely, rebound acid hypersecretion 



Figure 5. Mode! illustrating the 
consequences of H pylori infec- 
tion on gastric acid secretion. 
Acute infection is associated 
with an increase in somatostatin 
(SS7) and thus decrease in gas- 
trin and acid secretion. Most pa- 
tients chronically infected mani- 
fest a pan gastritis and also 
exhibit decreased acid secre- 
tion. In contrast, a minority 
of chronically infected patients 
manifest an antraJ-predominant 
gastritis and are predisposed to 
duodenal ulcer disease. These 
patients exhibit a decrease in 
somatostatin and a reciprocal 
increase in gastrin and acid 
secretion. 
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occurs in HP-eradicated patients when PPIs are discon- 
tinued, and this may unleash or exacerbate GERJD, par- 
ticularly in patients with large hiatal hernias. 1 63 *' 64 Acid 
hypersecretion lasts at least 8 weeks and is due to hyper- 
gastrinemia-induced increases in parietal and ECL cell 
masses. 165 With time, atrophy of oxyntic glands with loss 
of parietal cells may occur, resulting in irreversible achlo- 
rhydria. 

Approximately 10% to 15% of patients chronically in- 
fected with HP have antral predominant inflammation. 
These patients, who are predisposed to duodenal ulcer, 
produce increased amounts of acid as a result of reduced 
antral somatostatin content and elevated basal and stim- 
ulated gastrin secretion (Figure 5). ,66 - ,6R The mechanism 
by which somatostatin secretion is decreased is not 
known but may involve cytokines induced by the inflam- 
mation and/or the production of Na-methyl histamine, a 
selective H 3 -receptor agonist, by HP. 169170 One may spec- 
ulate that the H 3 -receptor agonist could diffuse across 
the antral mucosa to interact with H 3 receptors on antral 
somatostatin cells, causing inhibition of somatostatin 
secretion, and, thus, stimulation of gastrin secretion. 54 
Gastrin, in turn, stimulates histamine secretion from 
ECL cells leading to enhanced acid secretion. Both inter- 
leukin-8 and platelet-activating factor are up-regulated in 
HP-infected mucosa and are capable of stimulating gas- 
trin release from isolated rabbit and canine G cells. 171 - 172 



Duodenal Ulcer 

Duodenal ulcer patients, as a group, have in- 
creased basal and stimulated acid production. Conse- 
quently, acid control has always been central to the man- 
agement. Antacids were the first therapeutic approach 
used, but, to neutralize luminal acid adequately, they had 
to be dosed frequently leading to noncompliance and 
adverse effects. 1 731 74 Anticholinergic medications were 
used to delay gastric emptying and thus prolong the local 
effect of antacids. 173 These compounds, however, were 
nonselective in their antimuscarinic actions and caused 
gastrointestinal, urinary, central nervous system, and vi- 
sual adverse efFects. Potentially more selective antimus- 
carinics such as pirenzipine with greater M, selectivity 
and less nonspecific adverse efTects were used in Europe 
but were never commercially available in the United 
States. 175 

Although antacids with high neutralizing capacity 
given 1 and 3 hours after meals and at bedtime could 
accelerate ulcer healing, pain was not relieved any better 
by such a regimen than by placebo. 176 Because ulcer 
disease could not be cured by antacids, recurrence and 
complications were common. These issues were ad- 
dressed with surgery, the goal of which was to reduce acid 
secretion. The least extensive surgery involved perform- 
ing a vagotomy to denervate the acid-producing area of 
the stomach along with a "drainage procedure," either 
pyloroplasty or gastroenterostomy. More extensive ulcer 



surgery involved combining vagotomy with antrectomy, 
the latter to remove gastrin, the main hormonal stimu- 
lant of acid secretion. 177 The most extensive surgical 
approach was subtotal gastric resection. Sometimes pa- 
tients underwent preoperative acid secretory testing, and, 
if high levels of acid were documented, more extensive 
resective surgery was done. In fact, the success of surgical 
"cure" of duodenal ulcer was generally thought to be 
related to completeness of vagotomy and extent of gastric 
resection. 173 ^ 178 Unfortunately, surgery proved not to be 
definitive (1%-10% recurrence rate) and produced its own 
set of problems including gastric stasis, nutritional defi- 
ciencies, altered bowel function, bile reflux gastritis and 
esophagitis, and gastric remnant cancer. 

The development of cimetidine, the first H2RA, ush- 
ered in a new era of ulcer management. 179 Pills, for the 
first time, could improve ulcer healing at least as well as 
cumbersome antacids. HRAs blocked both histamine- 
driven acid secretion and that elicited by gastrin, whose 
action is mediated primarily by release of histamine from 
ECL cells. 1 ™. 1 * 1 H2RAs were initially dosed 4 times daily, 
later twice daily, and eventually once daily. The fact that 
ulcers would heal quickly, even with once daily bedtime 
administration, drew attention to the importance of 
nighttime acid in the pathogenesis of duodenal ulcer. 9 
Studies suggested that ulcer healing was related to noc- 
turnal acid control-maintaining intragastric pH >3, a 
pharmacologic endpoint easily and predictably achieved 
by H2RAs. 8 In addition to healing duodenal ulcer, it 
became clear that continuous daily bedtime dosing of 
H2RAs could prevent ulcer recurrence. 182 Healing an ul- 
cer with 8 weeks of "full dose" followed by indefinite 
treatment with "half dose" H2RA dosed at bedtime be- 
came the new gold standard for duodenal ulcer manage- 
ment. Elective acid-reducing surgery became less com- 
mon. However, patient compliance with long-term acid 
suppressive medication, especially when symptoms no 
longer prompted dosing, was on occasion suboptimal 
and resulted in ulcer recurrence and complications, al- 
though to a far lesser degree that seen in the "BC" (before 
cimetidine) era. It was these patients who were referred 
for acid reducing surgery, mainly highly selective "pari- 
etal cell" vagotomy. 183184 

Management of acid disorders was revolutionized 
when PPIs became available. 185 186 Because PPIs direcdy 
inhibit the acid pump, they are capable of reducing basal 
and stimulated acid secretion independent of stimulus. 
They are much more effective in controlling intragastric 
pH than H2RAs and have been shown to be more effec- 
tive in healing duodenal ulcer and preventing recur- 
rence. 187 

It is now recognized that most cases of duodenal ulcer 
are due to infection with HP, and HP is responsible for 
the perturbations in acid secretion observed in duodenal 
ulcer patients. Pentagastrin-stimulated peak acid output, 
an indicator of functional parietal cell mass, is increased 
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in HP-infected duodenal ulcer patients as is GRP-stimu- 
lated peak acid output, an indicator of the stomach's 
functional response to endogenous gastrin. 168 ' 18 *' 1 * 9 It is 
thought that suppression of somatostatin secretion by 
the infection may be the root cause for these changes 
(Figures A and 5). Eradication of HP restores somatosta- 
tin as well as basal and stimulated gastrin and acid 
secretion, over time, to normal in most individuals, thus 
providing a permanent cure for duodenal ulcer dis- 
ease. 1671 68,1 88 ' 190 " 1 92 

Gastric Ulcer 

In contrast to duodenal ulcer, gastric ulcer pa- 
tients, as a group, exhibit normal or decreased basal and 
stimulated acid production. This suggests that altered 
gastric mucosal defense may be the primary culprit and 
may explain the propensity for NSAID-induced ulcer to 
occur in the stomach. Gastric ulcers have been classified 
according to their location and concomitant association 
with duodenal ulcer. 193 Type I ulcers occur in the gastric 
body and are generally characterized by low acid secre- 
tion, particularly at night. These findings may reflect a 
greater degree and more generalized mucosal inflamma- 
tion of the oxyntic mucosa with reduced functional pa- 
rietal cell mass. Type II ulcers occur in the antrum and 
are characterized by low, normal, or high acid secretion. 
Type III ulcers occur within 3 cm of the pylorus, com- 
monly accompany duodenal ulcer, and are characterized 
by high acid output. Type IV ulcers occur in the gastric 
cardia and are characterized by low acid secretion. 194 
Thus, it appears that the more distant a gastric ulcer is 
from the pylorus the more likely acid secretion will be 
low. This concept formed the basis of gastric ulcer sur- 
gery whereby distal ulcers were traditionally managed by 
resection/drainage and vagotomy, whereas more proxi- 
mal lesions were treated by resection alone. 4 ' 195 

Medical therapy for gastric ulcer involves both remov- 
ing the injurious agent (eg, NSAIDs or HP) and inhibit- 
ing acid secretion. 187 196 . 197 Healing correlates with dura- 
tion of acid inhibitory therapy rather than degree of acid 
suppression during the day or night. 198 Thus, despite 
lower acid profiles in the setting of gastric ulcer, H2RAs 
and PPIs are often prescribed for longer periods of time 
(8-12 weeks) and at higher doses (generally double dose) 
than for duodenal ulcer to ensure healing. 187 Unlike 
duodenal ulcer, gastric ulcers may be malignant, espe- 
cially in the setting of HP and achlorhydria. Thus, gastric 
ulcers should be biopsied and healing documented. Re- 
currence can be prevented by avoiding NSAIDs, eradicat- 
ing HP, and/or maintenance antisecretory therapy. As 
previously discussed, acid secretion may increase after 
elimination of HP. 160 

"Stress ulcers" are most commonly located in the prox- 
imal stomach, occur in the setting of critical illness and 
multiple organ failure, and are thought to result from 
mucosal ischemia and altered mucosal defense. 199 The 



latter is central to the pathogenesis of stress ulcer, so it 
will be discussed more fully in a subsequent review of 
mucosal defense. Despite the fact that acid secretion is 
variable, antisecretory medications, by improving the im- 
balance between aggressive and defensive factors, prevent 
stress ulcers and the complication of bleeding. 1 "- 202 

GERD 

With the decreasing prevalence of ulcer disease, 
GERD has emerged as the most important acid-related 
disorder. 203204 Because its pathogenesis involves acid in 
the wrong place, rather than too much acid, treatments 
have included elevation of the head of the bed, foaming 
agents, medications to enhance lower esophageal sphinc- 
ter pressure, and antireflux surgery; unfortunately, all but 
surgery are often ineffective. 205 Consequently, medical 
treatment of GERD has focused on acid inhibition, spe- 
cifically maintaining pH >4 in the esophagus for as 
much of the day and especially the night as possible. 18 ' 206 
This goal is best achieved with PPIs because antacids have 
a short duration of action, and chronic use of H2RAs 
leads to tachyphylaxis. 207 

PPIs are superior to H2RAs for treating heartburn and 
healing erosive esophagitis. 21 *™>™ More severe grades of 
erosive esophagitis, Los Angeles grades C and D, are more 
difficult to heal and may require longer treatment dura- 
tion and higher doses of PPIs. 21 - 210 Such a dose response 
for symptom control is less evident, especially in nonero- 
sive reflux disease. 21 12,2 Furthermore, extending duration 
of therapy or increasing the dose in "non-responders" 
will not necessarily improve treatment efficacy. 

Nighttime or supine acid reflux has been linked to 
more severe esophagitis, complicated GERD, and extra- 
esophageal reflux manifestations. 213 Nocturnal acid se- 
cretion is low in volume but highly concentrated and 
may be difficult to inhibit with once daily PPI treat- 
ment. 214 Nocturnal acid breakthrough, a situation in 
which intragastric pH (not in oesophageal) falls to and 
remains <4 for more than 1 hour overnight occurs in 
73% of both GERD patients and normal volunteers. 215 
Several strategies have been proposed to manage night- 
time acid including administering the once daily PPI 
before dinner, twice daily dosing of PPI (before breakfast 
and dinner), adding an H2RA at bedtime to a regimen of 
once or twice daily PPI, or prescribing an immediate 
release PPI at bedtime. 216 - 21 ' Although these approaches 
are successful to varying degrees in controlling nocturnal 
acid secretion, none have been shown conclusively to 
improve GERD outcomes in the short- or long-term. 

GERD is a chronic condition that requires long-term 
treatment in most individuals. Maintenance acid sup- 
pression seems to be the most effective long-term medical 
approach. As with acute healing, preventing relapse is 
best achieved with PPIs, with full dose being better than 
half dose. 19 In patients who experience breakthrough 
GERD symptoms, compliance, appropriate timing of 
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medications, and lifestyle modifications should be em- 
phasized. Once heartburn is under control, many pa- 
tients will take their medications on demand rather than 
daily, as prescribed. 218 Others take the PPIs inappropri- 
ately, ie, between meals or at bedtime. 219 As discussed 
previously, PPIs are most effective when taken before 
meals. 114 

The role of HP eradication in the management of 
GERD remains controversial, and there is no compelling 
reason to test for HP in patients with GERD. 220 It is 
unlikely that cure of infection will positively impact 
symptoms to any great degree, and there is evidence that 
it might actually worsen symptoms. 221 Most patients 
chronically infected with HP manifest a pangastritis and 
produce less than normal amounts of acid. In these 
patients, HP infection may actually protect against 
GERD (also, Barrett's esophagus and esophageal adeno- 
carcinoma), and eradication may augment acid secre- 
tion. 1 6 1 > 222 - 223 Not only may HP protect against GERD, 
but HP may make GERD more responsive to treatment 
by augmenting the acid-inhibitory effect of PPIs. 224 Thus, 
eradication of HP has the potential to both increase acid 
secretion and decrease the efficacy of PPIs, thereby mak- 
ing GERD more difficult to control. 160 - 223 

Gastric Acid Hypersecretion 

There are a number of uncommon conditions in 
which gastric acid secretion is abnormally high and ul- 
cers develop. In patients with systemic mastocytosis, high 
histamine levels, as a consequence of increased numbers 
of mast cells, continuously stimulate parietal cells to 
secrete acid. 225 When a portion of gastric antrum is 
retained in the afferent remnant after antrectomy with 
Billroth II anastomosis, it is bathed in alkaline secretions 
leading to decreased somatostatin secretion, hypergas- 
trinemia, increased acid production, and anastomotic 
ulcers. 78 ' 96 ' 226 Acid hypersecretion can also result from 
chronic hypercalcemia of any cause because calcium di- 
rectly stimulates gastrin secretion from human G cells 
and acid secretion from parietal cells. 227 - 228 

The best characterized acid hypersecretory condition is 
ZES. 17 * 229 ZES is caused by a gastrin-producing tumor 
(gastrinoma) that results in gastric acid hypersecretion. 
Gastrin, synthesized by the tumor, is secreted into the 
bloodstream where it binds to CCK 2 receptors on acid- 
producing parietal and histamine-containing ECL cells to 
induce secretion as well as proliferation. The clinical 
correlate of the proliferation is rugal hypertrophy with 
prominent gastric folds. ZES should be suspected in 
patients with refractory erosive esophagitis, multiple pep- 
tic ulcers, ulcers in the distal duodenum or jejunum, 
complicated ulcers, recurrent ulcers after acid-reducing 
surgery, ulcers associated with diarrhea, and a family 
history of MEN- 1 or any of the endocrinopathies associ- 
ated with MEN- 1. 230 Approximately 25% of patients with 
ZES have MEN-1, an autosomal dominant disorder char- 
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acterized by pancreatic endocrine tumors, pituitary ade- 
nomas, and hyperparathyroidism; in the latter, hypercal- 
cemia can further stimulate acid secretion. Diarrhea may 
be a prominent symptom, occurring in 65% of ZES pa- 
tients, and is due to the large volume of acid, which 
inactivates pancreatic lipase and damages the proximal 
small bowel absorptive mucosa. 

Diagnosis of gastrinoma includes serum gastrin radio- 
immunoassay, secretin stimulation test, and, more re- 
cently, somatostatin receptor scintigraphy and endo- 
scopic ultrasound. The basis of the secretin test is that 
normally, in the antrum, somatostatin cells tonically re- 
strain gastrin secretion from G cells. Secretin stimulates 
the G cell directly and, at the same time, inhibits the G 
cell indirectly by stimulating somatostatin secretion; the 
effect of the latter dominates, and gastrin is not stimu- 
lated. Because the gastrinoma does not contain function- 
ally coupled somatostatin cells, the effect of secretin is 
solely stimulation of gastrin secretion from the tu- 
mor.ui-233 After an overnight fast, 0.4 >ig/kg secretin is 
given intravenously over 1 minute. Two baseline values 
are obtained then blood is collected at 1, 2, 5, 10, and 30 
minutes. An increase in gastrin of more than 200 pg/mL 
over the preinjection value indicates ZES; more then 90% 
of ZES patients exhibit an increase in gastrin at 2 or 5 
minutes. Almost all gastrinomas contain somatostatin 
receptors, and somatostatin receptor scintigraphy using 
[ ,M In-DPTA-Dphel]-octreotide is considered the initial 
localization study of choice, with a 71% sensitivity and 
86% specificity for primary tumors and 92% detection for 
metastatic disease. 234235 

Total gastrectomy, initially the treatment of choice to 
prevent life-threatening complications, has been aban- 
doned in favor of antisecretory therapy and selective 
surgical resection of the gastrinoma. H2RAs represented 
the first viable medical therapy to control acid hyperse- 
cretion. Unfortunately, increasingly large doses were re- 
quired, and acid suppression was often inconsistent. 
Consequently, gastrinoma enucleation or parietal cell 
vagotomy was often added to suppress acid secretion. 
The goal of antisecretory therapy is to reduce acid secre- 
tion to less than 10 mEq/h (<5 mEq/h if patient under- 
went prior gastric acid-reducing surgery) as measured 1 
hour before the next dose »° Today, PPIs are the antise- 
cretory therapies of choice and are able to control acid 
secretion and prevent complications in most patients 
with ZES, although very high doses of medication (eg, 
omeprazole 120 mg/day) may be necessary, especially in 
patients with MEN-1. 236 



Safety of Acid Suppression 

Acid suppression continues to be the major med- 
ical strategy to treat acid-peptic disorders. For decades, 
millions of patients have had their acid neutralized or 
inhibited effectively and safely first with antacids then 
with H2RAs and now with PPIs. Because antacids are 
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rarely used anymore as primary therapy for acid-related 
disorders, their adverse effects, including diarrhea; con- 
stipation; interference with drug absorption; and rare 
renal, metabolic, and acid base disturbances are only of 
historical importance. 6 * 2 " 

H2RAs are generally well tolerated with adverse effects 
observed in 1.5% of treated patients compared with 1.2% 
of placebo patients. 1 * 1 Rare adverse effects include men- 
tal confusion (<0.2%), gynecomastia, interstitial nephri- 
tis (0.001%), interference in the absorption of drugs re- 
quiring an acid environment such as ketoconazole and 
itraconazole, and cytochrome P450 interactions. Al- 
though cimetidine is capable of inhibiting the catalytic 
activity of one or more cytochrome P450 enzymes 
(CYP1A2 and CYP2C19), clinically significant drug inter- 
actions are very rare. 

PPIs are safe drugs, but concerns have been voiced 
regarding potential adverse effects related to hypergas- 
trinemia, rebound acid hypersecretion, malabsorption, 
infection, and drug interactions. Since the introduction 
of omeprazole, there was concern that PPI-induced hy- 
pergastrinemia may have untoward effects. In rats, ECL 
cells, under stimulation of gastrin, evolve through hyper- 
plasia to dysplasia and eventually to carcinoid tu- 
mors, 84 - 238 * 239 Humans respond to a decrease in luminal 
acid with a lesser increase in serum gastrin than rats and 
do not develop gastric carcinoids unless in the settings of 
severe atrophic gastritis (pernicious anemia) or ZES as- 
sociated with MEN-1. 240 ' 241 The possibility exists that 
hypergastrinemia could exert trophic effects outside of 
the stomach and influence the growth of premalignant 
and malignant cells because CCK 2 receptors have been 
identified in a variety of tissues including Barrett's esoph- 
agus, stomach, pancreas, and colon as well as in cancers 
derived from these and other tissues (esophageal adeno- 
carcinoma, gastric adenocarcinoma, pancreatic adenocar- 
cinoma, neuroendocrine tumors, colon adenocarcinoma, 
medullary thyroid cancer, small cell lung cancer, leiomy- 
osarcoma, and stromal ovarian cancer). 242 " 245 Although 
there is no convincing evidence that hypergastrinemia 
per se induces neoplasia, the possibility exists that it 
might accelerate the growth and invasiveness of cancers 
harboring its receptors. 70 * 246 - 249 

In humans, there is a prolonged rebound hypersecre- 
tion in HP-negative individuals after discontinuation of a 
PPI, with increases in both basal and maximal acid out- 
put i63.i65.25o jh e phenomenon occurs after as little as a 
2-month course of therapy and lasts at least 2 months 
after the PPI is stopped. The pathophysiology is thought 
to be due to the trophic effect exerted by gastrin on 
histamine-containing ECL cells leading to their hyperpla- 
sia and hypertrophy. 83 - 251 - 252 The reason the phenome- 
non does not occur in HP-positive individuals may be 
due to the fact that HP as well as cytokines induced by 
the inflammatory infiltrate inhibit acid secretion and 
thus mask the rebound. 148 - ,49 ' ,5, . |5 «.' 5 « The clinical rele- 



vance of rebound hypersecretion is that patients may 
become physiologically addicted to PPIs. That is, the 
increased acid secretion after discontinuation of PPIs 
may induce or exacerbate acid-peptic disorders such as 
GERD and dyspepsia causing patients to resume antise- 
cretory therapy. One way to prevent this from happening 
might be to, instead of abrupt discontinuation, taper the 
PPI and switch to tapering doses of H2RAs over a period 
of 2 months. 

Chronic hypochlorhydria induced by PPIs could inter- 
fere with absorption of nutrients such as vitamin B-12, 
iron, and calcium. Several reports indicate that chronic 
use of PPIs may result in low levels of vitamin B-12 
probably by impairing acid-induced release of B-12 from 
food. The recommended daily allowance of B-12 is 2 
/tg/day, and total body stores are 2.5 mg. Vitamin B-12 
deficiency because of PPIs is rare, probably because acid 
secretion is not completely inhibited and the body has 
relatively large stores. 253 - 255 

Acid is thought to facilitate dietary iron absorption. 
Exposure to acid frees heme iron from its apoprotein and 
converts nonheme iron, which is largely in the form of 
ferric hydroxide, to the absorbable ferrous form. PPIs 
have been used to decrease iron absorption in patients 
with hereditary hemochromatosis. 256 Despite the fact 
that medicinal iron is in the ferrous form, there is a single 
report of 2 patients in whom iron deficiency did not 
respond to treatment until PPIs were discontinued. 257 

In a recent population-based study, long-term PPI 
therapy was implicated as a cause of hip fractures in older 
women. 258 Although the relative risk of fractures in- 
creased with dose and duration of acid suppression, the 
absolute risk of fractures remained very low. The basis for 
this is not known but may involve interference with 
calcium absorption or bone metabolism. 259 This finding 
requires confirmation before patients receiving benefit 
from PPIs are advised to stop them. 

Gastric acid protects against bacterial overgrowth and 
enteric infection 260 - 2 « Two recent epidemiologic studies 
have implicated PPIs as a risk factor for the development 
of community, as well as hospital-acquired Clostridium 
difficile-associated disease. 264 ." 5 Because ingested C difficile 
spores are not susceptible to destruction by acid, these 
findings may not represent true cause and effect. It is 
likely that the finding was confounded by the fact that 
patients receiving PPIs were more likely to be sicker and 
more susceptible to infection when exposed to antibiotics. A 
similar argument may be advanced for the association be- 
tween acid suppressive medications and community-ac- 
quired pneumonia 266 - 267 In these studies, confounders such 
as concomitant pulmonary disease and severe GERD, 
which might predispose to pneumonia, were not con- 
trolled. 

All PPIs are metabolized by the cytochrome P450 fam- 
ily of enzymes. There had been some concern that ome- 
prazole and other PPIs, through inhibition of certain 
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cytochrome P450 enzymes, might increase the haif-Jife of 
certain medications such as theophylline, phenytoin, di- 
azepam, and warfarin. 268 - 270 Because PPIs are in the 
bloodstream for a relatively short time (plasma half-life, 
-1 hour) and are relatively weak inhibitors of cyto- 
chrome P450, clinically relevant drug-drug interactions 
are extremely rare (<0.1 per million packages) and do not 
constitute a major clinical risk. 271 

Conclusion 

Gastric acid remains an important pathogenic fac- 
tor for a variety of common upper gastrointestinal dis- 
orders. Over time, the prevalence as well as the manage- 
ment of these disorders has changed. Generations of 
gastroenterologists and surgeons measured acid output 
and tailored medical and surgical treatment of peptic 
ulcer disease based on the results. The management of 
these disorders has been revolutionized by the introduc- 
tion of potent antisecretory medications and the under- 
standing of the role of HP in their pathogenesis. As a 
result, the quantitative measurement of gastric acid se- 
cretion, for the most part, has become obsolete. Never- 
theless, gastric acid secretion and its inhibition will con- 
tinue to be important to gastroenterology as a specialty, 
at least for the foreseeable future. Have we reached the 
zenith in our understanding of gastric acid physiology 
and the development of pharmacologic treatments for 
acid-peptic disorders? We do not think so. These disor- 
ders remain prominent, and there is much still to be 
discovered by future clinical and basic investigators. 
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The major goals of antacid therapy are: a) to reduce 
the acidity of gastric contents and the load of acid 
into the duodenum and b) to diminish peptic ac- 
tivity by increasing the luminal pH above that 
optimal for proteolysis. In this review we will dis- 
cuss the physicochemicaland pharmacological ba- 
sis of antacid therapy, its effect on gastric function, 
and its efficiency in achieving the above goals. 
We will also refer to other properties of common 
antacids, which may be of clinical value in spe- 
cial circumstances: bile acid binding and effects 
on pancreatic, gallbladder, and intestinal func- 
tion. 

Common commercially available antacids con- 
sist of sodium bicarbonate, calcium carbonate, 
magnesium hydroxide, or aluminum hydroxide, 
either alone or in combination. Because there are 
significant chemical and physical differences be- 
tween these compounds and the products of their 
reaction with hydrochloric acid, the chemistry and 
pharmacology of each will be reviewed. Many of 
these concepts also apply to a variety of other 
compounds incorporated into some commercial 
antacid preparations, but due to space limitations 
these cannot be discussed individually. 

PHYSICOCHEMJCAL PROPERTIES AND 
PHARMACOLOGY 

Sodium bicarbonate is the salt of a weak acid (car- 
bonic acid) and a strong base (sodium hydroxide). 
The compound is soluble in water (6.9 g/dL at 
0°C) and reacts with HC1 to form NaCl, H 2 0, 
and C0 2 . Loss of C0 2 makes this reaction irre- 
versible under physiologic conditions. The reac- 
tion product, NaCl, is very water soluble (35.7 
g/dL, (PCI and no hydrolysis to NaOH is ob- 
served. Ingestion of sodium bicarbonate produces 
a base excess equivalent to the amount ingested 
because of the failure of NaCl to react with car- 
bonate, phosphate, or hydroxide ions later in the 



gastrointestinal tract. Thus there is a risk of signi- 
ficant alkalosis from its frequent and prolonged 
use. 

Calcium carbonate is analogous to sodium bi- 
carbonate, but is much less soluble (0.001 5 g/dL). 
Reaction with HC1 yields C0 2 , H 2 0, and CaCl 2 , 
again a highly water-soluble salt. Unlike sodium, 
however, the divalent Ca ion will reform (and pre- 
cipitate) calcium carbonate in the presence of 
aqueous carbonate or bicarbonate (from which 
carbonate can be formed by reaction with hydrox- 
ide ion). Calcium phosphate may also be pre- 
cipitated if phosphate ion is present; in both cases, 
the reaction is driven to the right by the low solu- 
bility product of the calcium carbonate or phos- 
phate. Thus the essential difference between so- 
dium and calcium carbonate is that the reaction 
of CaC0 3 with HC1 is effectively reversible under 
physiologic conditions; it must be emphasized, 
however, that the forward and reverse reactions 
occur at different times, in anatomically distinct 
organs, and in different chemical milieus. To the 
extent that calcium is reconverted to the carbonate 
or phosphate in the gut, an equal amount of acid 
and base will have been used. Alkalosis will there- 
fore be of lesser magnitude than with sodium bi- 
carbonate. However, since some calcium will be 
absorbed by the proximal small bowel, the reverse 
reaction cannot be equal to the neutralization and, 
furthermore, hypercalcemia may become a prob- 
lem in chronic users (Ivanovich et al. 1967, Mor- 
rissey & Barreras 1974). 

Magnesium hydroxide is the other antacid de- 
rived from a group II metal. Like calcium carbon- 
ate, MgfOrfy is poorly soluble (0.0009 g/dL, 
18°C); the chloride produced is quite soluble 
(54.25 g/dL, 20°C) and both the carbonate and 
the phosphate are insoluble. Because the reaction 
to form MgCl 2 produces only water, the reaction 
is theoretically reversible; in practice, the hydro- 
lysis of Mg 2 + requires a pH above 8 (Derek 1963) 
and so may be ignored in the bowel. Presumably 
magnesium behaves like calcium in the bowel and 
reacts with phosphate or bicarbonate to produce 
the insoluble magnesium salts which are excreted. 
However, about 1/3 to 1/4 of the total amount 
of magnesium ingested is absorbed. In patients 
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with renal failure (thus with limited ahility to ex- 
crete magnesium), this poses a significant risk. 

Aluminum hydroxide is the only antacid de- 
rived from a group III element . and therefore dif- 
fers from all the others. AltOH)., is amphoteric 
and relatively insoluble in water. Although AICI 3 
is water soluble, the hydratcd trivalent cation is 
quite acidic and hydrolysis becomes significant 
in the physiologic pH range, leading to the for- 
mation of various intermediate chlorohydroxides. 
The situation is further complicated by the slow 
approach to equilibrium and because the cation 
may form complex hyd rated ions such as [AI 2 
(OHJjJ 44 and |AI J3 (0H) 32 J ?4 % both of which are 
known to exist in basic crystalline salts (Aveston 
1965). This pH -dependent formation of interme- 
diate chlorohydroxides thus lowers the effective 
acid-neutralizing capacity of AKOH) 3 gels (to 
about 80 % of the theoretical value) in a complex, 
pH-sensitive fashion (Deering et al. 1977). The 
situation is further complicated by the probable 
formation of the insoluble phosphate in the gut. 
Aluminum ion is poorly absorbed by the small 
bowel but detectable plasma aluminum concen- 
trations after aluminum-containing antacids have 
been reported (Kaehny et al. 1977). Circulating 
aluminum is dared by the normal kidney; in- 
creased deposition in tissues has been observed 
in chronic renal failure (Reckcr el al. 1977). 

Since the chemical properties of aluminum hy- 
droxide and magnesium hydroxide produce dif- 
ferences in the "in vivo" neutralizing effective- 
ness of antacids, these should be taken into ac- 
count when choosing antacid preparations based 
on "in vitro*' total neutralizing power. Both ant- 
acids are often found commercially as a combin- 
ation gel, to counterbalance their opposite effects 
on bowel habit(see later). These gels react relatively 
slowly with gastric acid, and profound al- 
terations in acid base balance are not to be feared 
except with massive administration. 

"IN VITRO" EVALUATION OK ANTACIDS 
Fordtran ct al. (1973) popularized several years 
ago a standardized procedure for testing antacids 
"in vitro". This test was based on the capacity 
of an antacid solution to neutralize acid added 
to it at a constant rate, so that the pH of the 



solution would be maintained constant at 3.0. At 
this pH, 99 % of a lOOmM-solutionofHCl would 
have been neutralized. The conditions for the test 
were chosen arbitrarily but they were felt to reflect 
"in vivo" measurements more closely than would 
a simple determination of the total neutralizing 
capacity by end-point titration. This may be due 
to the fact that it evaluates the speed with which 
the antacid combines with acid, as well as the 
total neutralizing capacity (to pH 3.0 as end point). 
As we will discuss later, an antacid which reacts 
too rapidly with acid will have an intense but also 
transient neutralizing effect in contrast to the sus- 
tained effect of a slower one. However, it is im- 
portant to recognize that no form of "in vitro* 1 
testing can actually approximate the real behavior 
of antacids in the stomach, which depends as 
much on gastric emptying as it does on neutral* 
izing kinetics. 

"IN VIVO" EVALUATION OF ANTACIDS 
It has long been recognized that antacids ingested 
on an empty stomach are quickly evacuated and 
only partially utilized. Thus their acid- neutral izing 
effects are brief (Grossman 1956). In contrast, ad- 
ministration of antacid after a meal leads to better 
utilization of the antacid and a more prolonged 
action (Fordtran & Collyns 1966). For this reason, 
antacids are clinically prescribed according to 
schedules linking their administration to the time 
of ingestion of a meal. 

Sodium bicarbonate or baking soda is one of 
the oldest known antacids. It reacts almost in- 
stantaneously with acid. Simmons et al. (1978) 
have recently shown that bicarbonate admin- 
istered postprandiaJly in conventional doses raises 
the intragastric pH to 7 to 8, explaining the im- 
mediate symptomatic benefit experienced by 
many patients. However, as expected, the effects 
are of short duration because the antacid is rapidly 
consumed and new acid is secreted rapidly, low- 
ering intragastric pH. Further, bicarbonate pro- 
duces C0 2 which increases gaseous feeling, has 
a high sodium content - which may be comrain- 
dicated in some patients - and tends to produce 
a base excess. 

Calcium carbonate is a potent antacid with a 
rapid onset of action and a relatively prolonged 
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iffect. The main disadvantage of calcium carbon- 
ale is that it causes acid rebound (Fordtran 1968, 
Barreras 1970). This is due to the effect of calcium 
ion which has the capacity of stimulating the pa- 
rietal cells directly (Holtermailer et al. 1974) 
through gastrin release (Levant et al. 1973) and 
indirectly by causing hypercalcemia (Maiagelada 
et al. 1976). The magnitude of the acid rebound 
is not great and its effects might theoretically be 
counteracted by frequent administration of the 
antacid. However, there still would be concern 
about the effects of prolonged stimulation of pa- 
rietal cells. 

Aluminum and magnesium hydroxides consti- 
tute the basis of many commercial antacids. There 
is no evidence that these substances cause sig- 
nificant acid rebound. The relative proportions of 
magnesium and aluminum are adjusted by dif- 
ferent pharmaceutical manufacturers to lean ei- 
ther toward causing looser stools or constipation. 
The characteristics of gel on which aluminum and 
magnesium hydroxides are incorporated also vary 
depending on the manufacturer, and this may per- 
haps influence its capacity to mix with gastric con- 
tents and react with acid. 

When an antacid mixture of aluminum and 
magnesium hydroxides, such as Maalox® is given 
p patients after a meal, it produces a rather sus- 
; iained, though somewhat fluctuating increase of 
intragastric pH (Deering & Maiagelada 1977) (Fig- 
ure 1). The time of administration should be care- 
fully chosen, for it is necessary to take advantage 
of the elevation of intragastric pH produced by 
the diluting and buffering action of the meal itself. 
By the end of the first postprandial hour, the in- 
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Figure 1. Effect of liquid aluminum and magnesium 
hydroxides (Maalox*) on postprandial gastric pH in pa- 
tients with duodenal ulcer. Modified from Deering and 
Maiagelada (1977). 



tragastric pH is rapidly declining and at that time 
ingestion of a dose of antacid will be utilized most 
efficiently to reduce gastric acidity. Because of the 
slower neutralization process, the gastric pH, in 
contrast to what is observed with sodium bicar- 
bonate, does hot get up to 7 or 8 but, on the 
other hand, the effect is more prolonged. By the 
end of the third postprandial hour the pH is de- 
clining again since the first dose of antacid has 
already been partially consumed or emptied. At 
this time, a second dose of the antacid raises the 
pH again for at least another hour - a total of 
4 hours after the meal. During daytime, it would 
be expected that another meal and another cycle 
of antacid administration would follow at regular 
intervals, thus keeping the intragastric pH almost 
continuously elevated. 

The dose of antacid to be administered has been 
a subject of controversy. Obviously the more ant- 
acid and the higher its neutralizing power the bet- 
ter - but limitations exist on the amount that pa- 
tients accept as convenient or even bearable. For 
most commercial preparations of aluminum and 
magnesium hydroxides, 1 ounce, 1 and 3 hours 
after meals and at bedtime is about as much as 
most patients will tolerate. Higher or more fre- 
quent doses risk poor compliance, a common 
problem with antacid therapy (Roth & Berger 
1 960), and increase the risk of unpleasant side 
effects. Fordtran has proposed tailoring the dosage 
of antacid to acid secretory capacity (Fordtran et 
al. 1973). This, however, is not practical since pa- 
tients with duodenal ulcer are not invariably sub- 
jected to gastric secretory tests. Furthermore, as 
we expressed earlier, the efficacy of the neutral- 
izing process depends on gastric emptying of the 
antacid as well as on gastric acid secretion, and 
measuring the former is not feasible in routine 
clinical practice. 

UTILIZATION OF ANTACID AND ITS 
EFFECTS ON DUODENAL ACID LOAD 

The development of new methodology has al- 
lowed the evaluation of the "in vivo" effects of 
antacids beyond simple determinations of gastric 
pH and titratable acidity. It is now possible to 
quantify the action of antacids on postprandial 
gastric secretion and emptying and to closely 
monitor the neutralizing reaction in the stomach. 
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Measuring the effect of antacids on duodenal acid 
load is particularly important since reduction of 
duodenal acid load is the major aim of antacid 
therapy in duodenal ulcer. Further, duodenal acid 
toad depends not only on the efficiency of neu- 
tralization but also on gastric secretion and emp- 
tying. Thus, it is possible to measure the fraction 
of ingested antacid consumed by neutralization 
with gastric acid and the fraction emptied from 
the stomach before it has had a chance to react 
with acid. This is a quantitative assessment of 
the utilization of antacid. Such measurements are 
only available to date for a combination of alu- 
minum and magnesium hydroxides (Maalox*) 
studied in our laboratory (Derek 1963, Deering 
& Malagelada 1977). Indirect data is also available 
for other antacids (Fordtran et al. 1973). 

As observed in Figure 2, for about 1 hour after 
ingestion of a meal, negligible amounts of H + ion 
enter the duodenum. Although this would, of 
course, depend a great deal on the type of meal 
and patient studied, it probably applies to some 
extent to most common therapeutic situations. 
The low duodena) H+ ion load is due to buffering 
and dilution of acid by meal protein. In other words, 
acid which leaves the stomach during the early 
postprandial period does so combined with food. 
Buffered H+ probably has little iryurious effect 
on the duodenal mucosa. After the first hour the 
effect of the meal is rapidly diminishing and if 
no therapy is given, duodena) acid load sharply 
rises and will remain high for the next several 




Figure 2. Effect of liquid aluminum, and magnesium 
hydroxides (Meatox*) on postprandial delivery of H ton 
into the duodenum in patients with duodenal ulcer. 
Modified from Deering and Malagelada (1977). 



hours. However, rhc:woitei*so; W. 'Jo^spaccd 
1 and 3 hours after the n&u proax.ee .j m;irked 
reduction in H * ducxtainl load -v< observed with 
the intragastric pH. there is son*; fluctuation, with 
the least effect being observed during the second 
half of the third hour and the cuxiiiium effect, 
immediately after administering *;ch dose. 

The efficiency of antacid thcuipy a* measured 
concomitantly in these studios. i> remarkable. A 
mean 127 meq of antacid ws r-casurned in the 
stomach ( range 93— I J8) out « .f u possible total 162 
meq given (60 ml of liquid nm vid). This repre- 
sents a mean efficiency ot jbr.v.i 3tl The first 
dose of antacid, given *u 1 hour ai\^r the meal, 
was utilized more efficiently nxl vrupiied more 
slowly than the second dost- givwi 3 hours after 
the meal. These results suggest that a further 20 % 
of total antacid capacity could be utilized if antacid 
could be prevented from leaving the stomach be- 
fore it has completely icactud with acid. Others 
have suggested that simultaneous administration 
of anticholinergic agents, which delay gastric emp- 
tying, as well as decreasing gastric secretion, 
would potentiate the action of antacids and in- 
crease their utilization. Some experimental sup- 
port for this concept exists but further evidence 
would be needed before it can be recommended 
for routine clinical practice. 

EFFECT OF ANTACID THERAPY ON 
GASTRIC FUNCTION 

The effect of antacids on gastric function is an 
important aspect of antacid pharmacology. Since 
intragastric and intraduodenal pH play a key role 
in regulating gastric secretion and emptying, it 
is not unexpected that changes in gastric and du- 
odenal acidity induced by antacid therapy would 
affect gastric secretion and emptying as well as 
gastrin release (Walsh et ai. 1975). Additional ef- 
fects might be due to certain constituents of the 
antacids, such as calcium, magnesium, or alumi- 
num ions. 

In our laboratory, we hav: recently measured 
the effects of aluminum and mignesium hydrox- 
ides on postpmndial g&itrtw secretion and emp- 
tying. We found that administration of l ounce 
of liquid Maalox* I and 3 hours after a meaJ, 
significant!) increased gastric ueid output, by 




6 % as an average. This means that the quantity 
J acid available for neutralization after the antacid 
was greater than if no antacid had been given; 
further evidence that the actual conditions on 
which antacids act cannot easily be predicted "in 
vitro" or by measurements of gastric acidity. In 
the case of aluminum and magnesium hydroxides 
this increase in gastric secretion is mostly due to 
abolition of pH-dependent feedback inhibition of 
gastric secretion stimulated by the meal. The same 
would apply to sodium bicarbonate (Walsh et al. 
1975). There is no evidence that the aluminum 
ion has any direct stimulatory efTect on gastric 
secretion. Magnesium might have some stim- 
ulatory effect, but this is probably a week one 
(Christiansen et aJ. 1975, Brodie et al. 1977). In 
contrast, intraluminal calcium is a well-known 
stimulus to gastric secretion and it is known to 
cause acid rebound. Although not yet quantified, 
it seems likely that postprandial gastric secretion 
after calcium carbonate increases relatively more 
than with aluminum and magnesium hydroxides 
since one should add the direct stimulatory effects 
of the calcium ion to the decrease in acid feedback 
inhibition. If this assumption is true, then the 
quantity of acid actually neutralized by calcium 
carbonate "in vivo" is probably much larger than 
Nvould be predicted by the acid response to a pla- 
zbo. In patients with the milk-alkali syndrome, 
the hypercalcemia could add to the stimulation 
of gastric | secretion. However, it is debatable 
whether chronic hypercalcemia has the same gas- 
tric secretagogue action that has been observed 
with acute hypercalcemia. 

The increase in gastric secretion produced by 
antacids means not only an increase in the amount 
of acid available for neutralization but also a par- 
allel increase in the volume of gastric juice. Theo- 
retically, the stomach confronted by an increased 
load of acid would have at least two ways to dis- 
pose of it. One way would be to increase the ab- 
solute rate of delivery of gastric contents into the 
duodenum so that the total volume of gastric con- 
tents remains constant. Another way would be 
to maintain constant the absolute rate of emptying 
but expand intragastric volume to accommodate 
temporarily the increased volume load. Our stud- 
ies on postprandial gastric function after admin- 
istration of aluminum and magnesium hydroxides 
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suggest that the latter hypothesis is true: intra- 
gastric volume increases whereas duodenal vol- 
ume load remains constant. 

Hurwitz et al. (1976), employing an external 
gamma camera to monitor the fractional gastric 
emptying of a radioactive marker, found delayed 
evacuation after aluminum hydroxide but not af- 
ter non-aluminum-containing antacids of similar 
or greater neutralizing power. This suggests that 
aluminum-containing antacids have an inhibitory 
effect on motility besides their effect on gastric 
secretion. These observations are relevant to ant- 
acid pharmacology in relation to other substances 
administered concomitantly with antacids. One 
would expect that these substances would be di- 
luted in the stomach and their emptying retarded 
by the effects of antacids on gastric function. Ob- 
viously, delayed emptying would influence ab- 
sorption and times of peak serum levels as well 
as the level itself. 

J ust the opposite situation (Figure 3) is observed 
with cimetidine administration, which reduces 
gastric secretion with a contraction in gastric vol- 
ume while maintaining a normal fractional gastric 
emptying (Longstreth et al. 1977). This may ex- 
plain why in patients with pancreatic insufficiency 
cimetidine administered together with pancreatic 




Figure 3. Diagrammatic representation of the effects of 
antacids or cimetidine on postprandial gastric secretion- 
emptying interactions. On the left, a hypothetical steady, 
state situation is represented where emptying balances 
secretion and intragastric volume remains stable. On 
the right above, the characteristic efTect of cimetidine 
is represented: secretion is inhibited whereas intragastric 
volume and emptying are reduced proportionally. Frac- 
uonal gastric emptying remains unchanged. On the right 
below, the efTect of aluminum and magnesium hydrox- 
ides: secretion is stimulated, absolute emptying rates 
are unchanged, and intragastric volume increases. Thus, 
fractional gastric emptying is reduced. 
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enzyme supplements causes much greater con- 
centration of exogenous enzymes in the duode- 
num than when antacids are used as adjuvant 
therapy (Regan et al. 1977). 

CLINICAL EFFECTIVENESS OF ANTACIDS 

The effecti veness of antacid therapy in duodenal 
or gastric ulcer has been debated for years. Until 
not long ago, the tide of opinion seemed to be 
leaning inwards skepticism about the efficacy of 
these agents, supported by the negative results 
of several studies (Baume & Hunt 1969, Butler 
4 Gersh 1975, Hollander & Harlan 1975). Yet, 
more recently, data strongly supporting the ef- 
fectiveness of antacids in duodenal ulcer disease 
have been acquired. 

Peterson et al. (1977) reported the results of a 
double-blind controlled trial employing an inten- 
sive antacid regimen (1 ounce of an aluminum- 
magnesium hydroxide preparation taken I and 3 
hours after each meal and at bedtime) versus a 
placebo. These investigators found that antacid 
therapy significantly accelerated the healing of du- 
odenal ulcer. After four weeks of therapy 78 % 
of patients had endoscopically-proven healing vs 
45 % for placebo, a statistically significant differ- 
ence. From a prophylactic standpoint, Hastings 
et al. (1978) found that neutralization (pH > 3.5) 
of gastric contents by oral administration of rel- 
atively large quantities of antacids prevented the 
development of stress ulcer in critically ill pa- 
tients. Several comparative studies show that ant- 
acids, when properly utilized, are equivalent to 
other available therapies (see later). 

Several reasons may explain the apparent 
discrepancies between the results of these studies, 
which support the efficacy of antacid therapy and 
i he older studies which did not: 

• Many of the early studies utilized doses of 
antacids which were smaller than that needed to 
obtain the degree of reduction in acidity appar- 
ently required for a full therapeutic effect. 

• They might have employed preparations like 
calcium carbonate which, despite an excellent 
neutralizing capacity, cause acid rebound. 

• Proper dosage schedule is critically needed 
to coordinate antacid administration with meals 
and taking optimal advantage from them. 




• Techniques for designing and carrying out 
therapeutic controlled trials hove improved with 
time. 

ANTACIDS VERSUS OTHER THERAPEUTIC 
AGENTS IN DUODENAL ULCER 

Antacids, of course, neutralize acid which has al- 
ready been secreted as opposed to other agents 
such as cimetidine or anticholinergics which in- 
hibit acid secretion. Despite different mecha- 
nisms, as far as duodenal ulcer is concerned, all 
these different therapies have a common goal, 
namely, to reduce duodenal acid load. Compar- 
isons between them may be referred to this pa- 
rameter as a normalizing index. 

We have examined the effect of accepted ther- 
apeutic doses of cimetidine and an antacid on 
postprandial acid delivery into the duodenum in 
patients with duodenal ulcer. We found that cither 
400 mg of cimetidine administered with a meal 
or an ounce of aluminum and magnesium hy- 
droxides, given I and 3 hours after the meal, 
would produce a similar reduction in duodenal 
acid load during the first four postprandial hours. 
The results of this study should, of course, be 
taken only as a guideline since the results are high- 
ly dependent on the dosage employed for either 
agent. However, it provides a reference to help 
interpret the results of clinical trials, 

The study of Peterson et al. (1977) showed that 
duodenal ulcer in patients on intensive antacid 
therapy healed at the same rate as observed in 
patients treated with cimetidine alone. In a sub- 
sequent controlled trial, Ippoliti et al. (1978) com- 
pared the effect of intensive antacid therapy and 
cimetidine, finding a similar healing rate of du- 
odenal ulcer for both treatment modalities. How- 
ever, follow-up studies of patients after the trial 
had terminated suggest that antacids may be less 
effective than cimetidine in patients with severe, 
long-standing duodenal ulcer. 

Other considerations besides healing rates are 
important when deciding whether to use antacids 
or cimetidine for the treatment of duodenal ulcer. 
Intensive antacid therapy, employing even well 
balanced aluminum and magnesium hydroxide 
combinations, has a high incidence of unpleasant 
side effects, mostly diarrhea. Cimetidine, in con- 
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. trust, is better tolerated by the majority of patients 
but, being a systemic drug and relatively new, 
has potentially unrecognized side effects, which 
might become apparent as experience with this 
drug increases. Patient acceptance and compliance 
arc probably greater for cimetidine than for ant- 
acids, which require cumbersome liquid admin- 
istration and a rather rigid schedule. Also, noc- 
turnal acidity is reduced more conveniently by 
cimetidine than by antacids, which would require 
frequent administration during the night. Because 
of these advantages and disadvantages for each 
therapy, choosing one or the other must remain, 
for the present time, an individualized decision 
for the physician and his patient. 

Similar comparative data do not exist for an- 
ticholinergics versus antacids. Anticholinergics 
are less potent inhibitors of acid secretion than 
cimetidine (Richardson et al. 1975). Further, the 
evidence that anticholinergics alone enhance the 
healing of peptic ulcer is equivocal flvey 1975), 
even when the drugs are given in a maximally 
tolerated dose which causes bothersome side ef- 
fects. However, Feldman et al. (1977) have shown 
that the acid inhibitory actions of cimetidine and 
anticholinergics are additive, even when the latter 
are given at well -tolerated, submaximal doses. 
. The slowing in gastric emptying produced by an- 
ticholinergics could potentially improve the ef- 
ficiency of antacids administered simultaneously. 

Despite these encouraging hints, the therapeu- 
tic opportunities offered by combinations of avail- 
able agents are yet to be fully explored. The con- 
cept is sound because these drugs have different 
mechanisms of action and thus their effects may 
be additive or even synergistic. Thus greater ef- 
ficacy might be achieved with lower doses and 
a lesser risk of side effects than if each drug were 
used independently. Clinical trials should now be 
designed to test the validity of these assumptions. 

ADSORBENT PROPERTIES OF ANTACIDS 

Antacids, apart from their neutralizing properties, 
arc known to possess adsorbent properties for en- 
dogenous secretions such as bile acids or pepsin, 
certain drugs (Paul & Harrington 1952, Orote & 
Woods 1953, Chulski & Forist 1958), or bacteria. 
Bile acid binding by antacids initially reported by 



Wenger and Heymsfield (1974) has been recently 
characterized "in vitro" in our laboratory (Clain 
et al. 1977). We tested the binding properties of 
various commercial antacids for the bile acids 
present in human gallbladder bile obtained at 
surgery. Aluminum hydroxide was a potent bind- 
ing agent similar in affinity and capacity to cho- 
lestyramine. With aluminum hydroxide, dihy- 
droxy bile acid conjugates were bound more 
strongly than trihydroxy bile acid corrugates; pH 
had no effect per se on binding. Magnesium hy- 
droxide and magnesium trisilicate bound bile ac- 
ids much more weakly. It was also found that 
aluminum phosphate had a poor bile acid binding 
capacity. Since ingested aluminum hydroxide is 
eventually precipitated, at least in part, as alu- 
minum phosphate in the intestine, aluminum hy- 
droxide ingestion may not influence the concen- 
tration of bile acids in solution in the small in- 
testinal lumen. 

Bile acids produce both functional and struc- 
tural damage to the gastric mucosa. Reflux of bile 
into the stomach has been shown to be increased 
in patients with gastric ulcers, esophagitis, or gas- 
tritis, and it is considered to be important in the 
pathogenesis of these conditions. The finding that 
aluminum hydroxide is an effective binder of ant- 
acids is of potential therapeutic value. Further, 
bile acids have been shown to be most damaging 
to the gastric mucosa in the non-ionized state (e.g. 
at pH < 3) (Eastwood 1975). Use of aluminum 
hydroxide alone or in combination with choles- 
tyramine would have the additional advantage of 
raising intragastric pH, which would enhance ion- 
ization and, in turn, increase binding. The value 
of antacids as bile acid binding deserves further 
investigation "in vivo". 

Binding of pepsin by antacids, on the other 
hand, is of unclear significance since the amounts 
bound are small relative to the quantities of the 
enzyme secreted. Binding of drugs is relevant in 
that bioavailability of medications given concom- 
itantly with antacids may be diminished. 

PANCREATIC, BILIARY, AND INTESTINAL 
EFFECTS OF ANTACIDS 

Calcium and magnesium ions, present in many 
antacids, have intestinal effects. Calcium is a pow. 




74 



erful stimulam of cholecystokinin (CCK) release, 
causing pancreatic enzyme secretion and gallblad- 
uer contraction (HoltermUIIer et al. 1976). Magne- 
sium shares some of these stimulatory properties 
of calcium but it is less potent (MaJagelada et al. 
1978). On the other hand, magnesium, a poorly 
absorbed ion, inhibits water and electrolyte se- 
cretion from the intestine and at higher concen- 
tration induces water secretion. Thus, diarrhea fre- 
quently develops after the ingestion of magne- 
sium salts. The mechanism responsible for the 
intestinal effects of magnesium is poorly charac- 
terized, it appears to be, in some aspects, disso- 
ciated from the effects on pancreas and gallblad- 
der, because MgS0 4 causes much greater net lu- 
minal accumulation of fluid than MgCl 2 (as op- 
posed to similar stimulatory potency of both 
magnesium salts on the pancreas and gallbladder 
when infused in equimolar amounts). Thus, the 
intestinal secretory effect appears to be at least 
in part "osmotic" and based on sodium diffusion 
gradients: poorly absorbable ions (Mg 2 +, S0 4 2 ~) 
replacing intraluminal sodium and causing net 
water transport into the lumen (Fordtran et al. 
1968, Potyk 1970). However, it is also possible 
that magnesium directly stimulates secretion and 
motility of the gut (Wanitschke & Ammon 1976). 
In contrast, trivalent aluminum inhibits gastroin- 
testinal motility (Hava & Hurwitz 1973) and al- 
uminum-containing antacids have a delaying ef- 
fect on bowel transit. The pathogenesis of the ef- 
fects of these compounds on the gut is poorly 
understood and clearly deserves further invest- 
igation. 

SIDE EFFECTS AND COMPLICATIONS OF 
ANTACID THERAPY 

The most frequent side effects of antacids are al- 
terations in bowel movement pattern, particularly 
when ingested in large doses. We have already 
alluded to the laxative action of magnesium-con- 
taining antacids and to the constipating effect of 
those incorporating aluminum. Combinations of 
magnesium and aluminum hydroxides are em- 
ployed in many commercial preparations to offset 
the opposite effects of each of these compounds 
on bowel habit. 
The milk-alkali syndrome (hypercalcemia, al- 



kalosis, and elevated serum creatinine) may de- 
velop in patients ingesting large quantities of so- 
dium bicarbonate, calcium carbonate, milk, or 
combinations of all of these. However, the syn- 
drome has become distinctly less frequent since 

magnesium and aluminum hydroxide gels are in- ! 
creasingly prescribed for long-term therapy, and 
milk is less enthusiastically recommended as a 
panacea to ulcer patients. 

Phosphorus depletion due to binding by alu- 
minum salts remains largely a theoretical possi- 
bility, because most diets are rich enough in phos- 
phorus to make it unlikely (Robitscher 1968). Ab- 
sorption of small quantities of magnesium and, 
to a lesser extent, aluminum is known to occur 
but may become clinically significant only in pa- 
tients with advanced renal insufficiency in whom 
it has been implicated without strong proof in the 
syndrome of "dialysis prevention". The binding 
properties of aluminum hydroxide may interfere 
with the absorption of tetracycline, warfarin, dig- 
oxins, quinidine, and other drugs, reducing their 
bioavailability (Paul & Harrington 1952, Grote & 
Woods 1953, Chulski & Forist 1958). The slight 
elevation in blood pH resulting from chronic use 
of many antacids may increase blood levels of 
quinidine and aspirin by decreasing their renal ex- 
cretion. 

Many commercial preparations containing am- 
photeric gels such as aluminum and magnesium 
hydroxides, as well as sodium bicarbonate, con- 
tain enough sodium to preclude their unrestricted 
use in patients susceptible to sodium overload. 
Some commercial preparations are explicitly la- 
belled as low in sodium and should be used in 
these patients, even at the expense of some loss 
in acid neutralizing power. Intestinal obstruction 
from impacted antacid has been reported (Potyk 
1970). 

Antacids are over-the-counter drugs which can 
and will continue to be used rather freely by pa- 
tients, The probability that this self-medication 
with modern antacid preparations causes harmful 
cfTects is quite small. Therefore, there seems to 
be little basis for opposing such practice, which 
provides gratifying symptomatic relief to many 
patients. 
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DISCUSSION 
Arnold Bent ad: 

Thank you very much for this excellent review. 
I am sure that there are many questions. 

Flemming Stadil: 

I didn't quite get how you were able to measure 
the various parameters. Could you explain your 
techniques? 

Juan-R Ma/age/ada: 

Our method is based on dye-dilution principles. 
However, because of the presence of food in the 
stomach we employ mostly radioactive markers 
or polyethylene glycol, which are easier to mea- 
sure. Patients are intubated with two tubes; a gas- 
tric tube and a two-lumen duodenal tube. The 
tip of the gastric tube is located in the antrum. 
The perfusion site of the duodenal tube is placed 
at the level of the papilla of Vater and the as- 
piration site, 20 cm distally. 

Two markers are used: one is perfused con- 
tinuously into the second duodenal portion and 
the other is incorporated into the meal. In our 
antacid studies a third marker was used, the alu- 
minium present in the antacid mixture, which was 
measured by absorption spectrophotometry. The 
principle of this method is that a steady-state per- 
fusion system in the duodenum, with a nonob- 
servable marker, allows estimation of intraluminal 
How and passage of any other substance which 
mixes with it. Thus, it can be determined at any 
interval how much of the meal marker has passed 
through the duodenum and, therefore, emptied 
from the stomach. Knowing how much marker 
will eventually pass through the duodenum and 
how much has already passed, at any given time 
after the meal, it is possible to determine how 
much of the marker still remains in the stomach. 
The dilution factor of this gastric marker represents 
the intragastric volume and the fraction of 
intragastric volume which leaves with any 
amount of marker, the gastric emptying rate. 

These principles are quite similar to those on 
which Dr Johansson, Lagerlflf and others at the 
KaroJinska have based their own method. The 



aluminium, which is pan of the antacid, behaves 
as a third marker since it is essentially neither 
secreted nor absorbed. By measuring aluminium 
passage through the duodenum we can estimate 
emptying of the antacid. The real difficulty of this 
method arises when trying to determine the 
amount of antacid that has reacted with gastric 
acid. We have approached this by acidifying gas- 
tric samples to less than pH 2.0 and then re-ti- 
trating them to the original pH. This is complex 
and time-consuming but, taking into account the 
amount of antacid present in samples (from alu- 
minium determinations), it provides an estimate 
of how much antacid in the stomach has not yet 
reacted with gastric acid. 

Flemming Stadil: 

What about variations in pancreatic secretion - 
will they have any influence? 

Juan-R Malagelada: 

Absolutely. Pancreatic and biliary secretion 
should not influence the measurements of intra- 
duodenal flow which are based on dye-dilution 
principles as explained before. However, some 
challenge to these techniques comes from the prob- 
lem of steady-state versus non-steady-state con- 
ditions. We all know that under physiological 
conditions intraluminal steady state is sometimes 
disturbed, for instance, by rapid gastric emptying, 
gallbladder discharge, etc. This may also result 
in poor intraluminal mixing. My own view is that 
these conditions of extreme disequilibrium intro- 
duce some error but the error is usually small. 
We have attempted to estimate the accuracy of 
our technique by comparing calculated vs real in- 
tragastric volumes, and we And good agreement. 
It is one of these situations where the theoretical 
anticipated problems become, in practice, rela- 
tively negligible. Catja Johansson and her group 
have employed not one marker but three markers 
sequentially perfused into the duodenum to cor- 
rect for variations in transit time, which become 
more important when the aspiration point is lo- 
cated further distally in the small bowel. All meth- 
ods have inherent problems but the principles on 
which these dilution techniques are based are 
sound, and substantial information has been ob- 
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taincd by their application by several groups of 
investigators around the world. 

Arnold Bemad: 

It is not so complicated when you can sit at home 
and calculate. More questions? 

Hvrmod Petersen: 

You have tried to answer what happens during 
a meal and your approach comes closer to phy- 
siological than anyone else's, but when you have 
to eat a meal with a tube put down you are still 
far from physiological conditions. Some years ago 
Dr Berstad and I examined the efTect of a duodenal 
tube on acid and pepsin secretion. We found that 
after 1-2 hours there was a considerable stimu- 
lation of gastric secretion, which varied very much 
from person to person. The effect was independent 
of whether or not we collected anything from the 
duodenum. A tube passing the pylorus undoub- 
tedly has some effects. 

Juan-R Afalagelada: 

Your point is well taken. We recognize this as 
a limitation and that is why, when we investigate 
:i problem, we always have a control group. When 
we compare, let us say, a drug with placebo or 
one pathological situation to another, we make 
the assumption that whichever effects may result 
from intubation or the experimental situation they 
will occur in both groups. Further, about 2-3 years 
ago we examined one point that worried us very 
much. That is: does a transpyloric tube affect 
prosiprandial gastric emptying and secretion? We 
performed these studies by comparing, in the 
same subject, the emptying of a meal by the Hunt 
aspiration technique with a duodenal tube in place 
or withdrawn into the stomach. We did not find 
any differences. That doesn't mean that there are 
none; it means that differences in any case are 
so small as to fall within the experimental error 
of our method and are therefore unlikely to ac- 
count for the effects measured when the duodenal 
tube is in place. 

Ffemming Stodil: 

A short question. What about reflux? 



Juan-R Mclogclada: 

Reflux in normal individuals or patients with du- 
odenal ulcer, when a meal is present in the stom- 
ach, is very small, in the order of 10 % or less 
of the perfused duodenal marker. Naturally, under 
certain pathological conditions, it could be much 
higher. 

Einar Krag: 

I would like to ask you to elaborate a little further 
on the additional effects of the antacids. I have 
two questions. First I think the question of the 
bile acid-binding capacity of the aluminium hy- 
droxide is very interesting and I would like to 
hear your opinion: do you think it is a more per- 
tinent compound to use for bile acid-induced di- 
arrhoea than cholestyramine? As far as I under- 
stood, aluminium hydroxide binds especially the 
dihydroxy components of the bile acids. Secondly: 
you said that patients didn't like taking antacids 
mainly or partly because of the cathartic effect. 
As far as I understood, the cathartic effect only 
applies to magnesium-containing preparations. Is 
that correct? 

Juan-R Malagelada: 

Most antacids consumed in the United States 
probably contain magnesium in one form or an- 
other. There are data available on how often ther- 
apy with magnesium-containing antacid causes 
diarrhoea. For instance, in the study by Peterson 
et al. (1977) which I quoted in my lecture, about 
two-thirds of the patients experienced mild di- 
arrhoea at some time during the study. However, 
these patients were given 2 ounces of liquid antacid 
after each meal and 1 ounce before retiring. 
This is a large quantity of antacid but, ifless were 
ingested, the reported high healing rates might 
not have been achieved. 

Regarding your first question about the bile 
acid-binding capacity, the answer is that I am not 
sure. Aluminium hydroxide is convened in part 
to aluminium phosphate in the intestine and rem- 
ember that aluminium phosphate doesn't have 
a bile acid-binding capacity. That means that if 
your aim is to bind soluble gastric bile acids to 
remove them from contact with the mucosa, then 
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aluminium hydroxide has a potential. But if what 
you are trying to accomplish is to increase fecal 
bile acid losses, then I am not sure that aluminium 
hydroxide would work because once it is convert- 
ed to aluminium phosphate in the gut, bound bile 
acids should again be released into solution. 

Arnold Berstad: 

Do you have any idea about how important this 
bile acid-binding property may be in the clinical 
situation? Sometimes I have seen patients with 
a lot of bile in the stomach, gastritis and low acid 
secretion. In spite of the low acid they apparently 
react well to antacids. 

Juan-R Malagelada: 

Our "in-vitro" studies on bile acid-binding by ant- 
acids were performed on the stimulus of a po- 
tential therapeutic application. The problem is that 
we really don't know whether bile acids are of 
pathogenetic importance. If we assume they are, 
then the most rational approach would be to com- 
bine aluminium hydroxide and cholestyramine to 
take advantage of their somewhat different spe- 
cificities. The problem is that both are constipating 
agents. Adding magnesium hydroxide to coun- 
terbalance the constipating effect might reduce 
the bile acid-binding capacity of aluminium hy- 
droxide, based on "in-vitro" data. Perhaps alu- 
minium and magnesium hydroxides could be ad- 
ministered at different times. Recently we have 
performed some "in- vivo*' studies which confirm 
the bile acid-binding results obtained "in vitro". 
However, whether it does any good to the patient, 
I don't know. 

Gerhard Dotevall: 

Talking about the future, you said there is a need 
for an antacid which retards gastric emptying. Of 
course this could be done by combining antacids 
with anticholinergics. I wonder if you have done 
any studies with your elegant technique on the 
effect of antacids in combination with anticho- 
linergics? 

Juan-R Malagelada: 

No, we have not. One of the reasons is that such 



studies were performed several years ago by Dr 
Fordtran's group and they found no increase or 
prolongation of effect of calcium carbonate by ad- 
ding an anticholinergic drug. I think it was gly. 
copyrrolate. 

Gerhard Dotevall: 

I think Dr Walan will mention another study in- 
volving combination of anticholinergics and ant- 
acids. 

Anders Walan: 

I am going to comment on all three studies men- 
tioned a little later. But I would like to ask you 
aquestion, Dr Malagelada. You found that antacids 
increased the gastric content. Have you in- 
vestigated how and why antacids increase the gas- 
tric content? Is it due to the neutralization per 
se or to a specific component of the antacid? If 
so, is it due to magnesium or aluminium? We 
have earlier - last year - learnt that aluminium 
has a specific effect on gastric emptying. I wonder 
if you have studied any other antacids? 

Juan-R Malagelada: 

The only other antacid we have studied is bicar- 
bonate in patients with chronic pancreatitis. Bicar- 
bonate, like aluminium and magnesium hydrox- 
ides, in patients with peptic ulcer disease, pro- 
duced an increase in gastric secretory output. I 
suspect this is due to reduced feedback inhibition 
of gastric secretion produced by increasing the in- 
tragastric pH. But it also could be a component 
of the antacid. We have not studied this ourselves 
but other investigators have examined, for in- 
stance, the effect of magnesium on gastric acid 
secretion. 

Arnold Berstad: 

Could it simply be so that aluminium hydroxide 
adheres to the surface of the gastric mucosa? 

Juan-R Malagelada: 

You mean the added volume of the antacid itself? 



Arnold Bentad: 

Adherence to the surface of the mucosa, thereby 
prolonging the effect of antacids and also increa- 
sing the volume of the gastric content. 

Juan-R Maiagelada: 

I suppose this could be a reason for slow emptying 
of the an lucid, but 1 do not think ii was responsible 
for the increase in intragastric volume. The vol- 
ume of antacid ingested, let us say 60 ml in 4 
hours, is very small in comparison with the in- 
crease in gastric secretory rate observed. The 
mechanism of action, as Dr Walan alluded to, 
is not precisely known. We assume that it is most- 
ly an effect of pH because, for instance, others 
have shown with intragastric titration that acid 
output in response to an intragastric stimulus is 
a function of the intragastric pH. 

Anders Walan: 

Several studies have been published during the 
last few years on the effect of various components 
of ordinary antacids. They have mainly focused 
on the effect on gastric secretion, however, and 
not on gastric emptying or content. This is so, 
for example, in the studies by Barreras and also 
those by Holtermiiller. They found an increase 
after magnesium also but it was not as marked 
as with calcium. 



Arnold Bentad: 

Have you compared the calcium carbonate pre- 
paration and Maalox with respect to the duodenal 
acid load? 

Juan-R Maiagelada: 

We have not done this. Calcium carbonate has 
been studied rather exhaustively by other invest- 
igators in the past. The only thing that we could 
be adding would be quantification of the duodenal 
acid load. This might be of interest but calcium 
carbonate is on its way to disappearing from com- 
mercial antacid preparations in the USA and we 
did not feel compelled to include it in our studies. 



Arnold Bentad: 

Do you agree that calcium carbonate should not 
be used because of the rebound phenomenon? 

Juon-R Maiagelada: 

Maybe, in practical terms, mid rebound is not 
that significant after all. because it amid be ubol. 
ished by frequent doses of the antacid. On the 
other hand, by abandoning calciiinn:.irbunatc, we 
are losing an antacid of high nculmlizmg power. 
My understanding is that, in F.uinpe, ealcium 
carbonate is still very much in use. Is that cumxi? 

Hermod Petenen: 

I would like to disagree a little with whai you 
said about the future. Cimetidine and antacids 
have about the same effect on gastric acidity, pH 
and on the duodenal acid load and it also looks 
today as if the ulcer-healing effect is the same. 
You said that the use of antacids is therefore prob- 
ably going to decrease. You assume that what 
you have achieved with these large doses of ant- 
acids or the doses of cimetidine is a maximal 
effect on ulcer healing. We don't know anything 
about this. However, I personally feel convinced 
that these drugs, H 2 -antagonists, anticholinergics 
and antacids should be combined. I believe it is 
important that when an ulcer is present the pH 
in the stomach and in the duodenum should be 
above 6 24 hours a day. An ulcer in the stomach 
or the duodenum will then heal just as rapidly 
as an ulcer on my finger. Shouldn't *e combine 
these drugs? 

Juan-R Maiagelada: 

Combining agents with different mechanisms of 
action makes sense, of course. Although we have 
no good clinical data on the elTectivity of cimet- 
idine and antacids combined, there is a good basis 
for it. Cimetidine inhibits acid secretion and there- 
fore it would abolish the increase in gustric se- 
cretion that results from acid-neutralization by- 
antacids. At the same time, the tatter would neu- 
tralize any acid in the stomach which had been 
secreted in spite of cimetidine. I don't see how 
these two therapies could be anything less than 
complementary. However, what I was trying to 




imply ^ that patients often complain when they 
are asked to take antacids in large amounts and 
with regularity cimetidine has a greater patient 
acceptance. 

Arnold Bemad: 

Why is the effect of Maalox more prolonged than 
the effect of sodium bicarbonate? 

Juan-R Malagelada: 

1 think that is because Maalox, at least in gel form, 
reacts more slowly with acid. With bicarbonate 
you have almost immediate reaction, which raises 
the pH up to 6 or 7. By then al) the bicarbonate 
may have been consumed, new acid is secreted 
by the stomach and there is no antacid left to 
react with it. Maalox does not raise the pH so 
high but it lasts longer. 

Arnold Ben tad: 

I thought you said that the reaction rate was not 
important. The critical point was the gastric emp- 
tying. 

Juan-R Malagelada: 

It is. But in the case of the bicarbonate the reaction 
rate is so rapid that you almost give no chance 
to the gastric emptying to make a difference. 
When utilizing one of the more slowly reacting 
gels like aluminium and magnesium hydroxides 
gastric emptying becomes more important. As I 
showed earlier, some of the antacid leaves the 
stomach before it has a chance to react with the 
gastric acid. Theoretically, we could increase their 
utilization efficiency from 70-80 % to 100 % if 
all the antacids stayed in the stomach until they 
had completely reacted with acid. 

Gerhard Dotevall: 

I think we will hear about long-term treatment 
with cimetidine this afternoon. But what about 
long-term treatment of peptic ulcer with antacids 
and the safety of long-term treatment? Do you 
have any comments about that? 




Juan-R Malagelada: 

Recent studies on antacids, that I'm aware of, 
have not been long-term studies in the sense that 
they have not lasted for several years, as might 
be required for a disease with prolonged natural 
history. With regard to complications, there are 
several to keep in mind, at least theoretically. One 
that has been mentioned repeatedly in the USA 
is phosphate depletion in patients ingesting alu- 
minium hydroxide. However, in practice, this is 
not a problem because there is plenty of dietary 
phosphate. Fordtran has suggested to give alu- 
minium phosphate supplements to patients on 
long-term aluminium hydroxide. This is reason- 
able but whether it is really needed remains doubt- 
ful. 

George Sachs: 

Sorry I came in late, but can I give three comments 
relating to the questions I have heard? I gathered 
people consider that within the stomach the action 
of cimetidine or antacids on the pH profile in the 
lumen might be very similar. I don't think that 
is correct. Antacids, even if you take the pH up 
inside the gastric lumen to 8 or 9, will not change 
the pH of the gastric tubule, due to diffusion stric- 
tion and solvent flow out through the gastric tu- 
bule. Cimetidine, of course, will lower the pH 
down to neutrality if there is complete block. Sec- 
ondly, in terms of the volume flow that antacids 
induce, I think a simple explanation is the isotonic 
obligation induced by addition of sodium chloride 
or aluminium chloride or calcium chloride to the 
gastric contents. 

Juan-R Malagelada: 

If we consider gastric ulcer, your comment would 
certainly be appropriate. If we are talking about 
duodenal ulcer, then it would not be because acid 
has to leave the stomach to reach the lesion. 
About the osmolality, I agree, this could be a fac- 
tor. 

Anders Walan: 

I wonder if it matters even if it is a gastric ulcer, 
because the gastric ulcer is almost never in the 
fundic region, where acid is secreted. You men- 
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tioned long-term studies. There is ai leasuone 
long-term study I am aware or and that is by Cayer 
et al. (1957). They gave 4 antacid tablets or placebo 
2 hours after each meal and at night for 8 1/2 
months and 74 % of the patients who took antacids 
were free from pain compared to 24 % in the place- 
bo group. I have not seen any other long-term 
studies. 

Juan-R Malageloda: 

I do remember that study but they did not verify 
ulcer healing, they looked at symptoms. Is that 
right? 

Anders Walan: 

They looked at the symptomatic recurrence and 
this was also significantly lower in patients taking 
antacids. They did not look at ulcer healing. It 
was a long-term study. With bicarbonate you 
sometimes can come up to very high pH levels. 
What about the observation made by Grossman 
et al. this year that if you have amino acids in 
the stomach and then bring the pH up to very 
high levels, 9 or perhaps 10, you will have a pro- 
nounced increase in acid secretion which is not 
even inhibited by cimetidine. How do you explain 
that? 

Juan-R Malageloda: 

I think Dr Sachs would like to answer. 
George Sachs: 

Can I make a comment to the Grossman experi- 
ment? There is an artefact because they used in- 
tragastric titration or back titration starting at pH 
8 or 9. This is an amino-acid mixture and the 
majority of what they were titrating was C0 2 dif- 
fusion into the lumen. It was not acid secretion. 

Juan-R Malageloda: 
I agree with Dr Sachs. 

Arnold Berstad: 

Concerning the future, we have an antacid named 
Novalucol or BaJancid® and we are very satisfied 
with it. It is very potent, more potent than Maalox, 
and the effect is rather prolonged. How might 
it be made better? Is it possible? 




Juan-R Malageloda: 

What is the composition of this product? 
Gunnar Ekenved: 

Novalucol forte, or Balancid® contains the same 
active substances as Maalox - aluminium and 
magnesium hydroxides - but it has about double 
acid-binding capacity - 52.5 mmol/IO ml. Thus 
Novalucol forte has an acid-binding capacity which 
is higher than any other antacid product, including 
calcium carbonate suspensions. 

Juan-R Malageloda: 

Yes, and calcium carbonate is very convenient 
for patients to take in the form of tablets which 
dissolves rapidly in the stomach. Calcium car- 
bonate is a good antacid, if it were not for its 
acid rebound eflect. Don't you agree? 

Gunnar Ekenved: 

Yes, I do. I also think that antacids should be 
rated according to their acid-binding capacity. We 
have found that it is possible to formulate tablets 
of aluminium hydroxide and magnesium hydrox- 
ide compounds with as good acid-binding capacity 
as calcium carbonate tablets. 

Juan-R Malageloda: 

In our studies we have only examined the effect 
of one antacid, aluminium and magnesium hy- 
droxides, so I cannot provide any comparative 
data with other antacids. However, 1 think that 
if new products were developed, it might be useful 
to employ methods such as ours to evaluate them 
under physiological conditions. 

Arnold Bcrstad: 

From the point of view of the compliance of the 
patients, it is important that the volumeof antacids 
is kept low. How much Balancid* is equivalent 
to 30 ml of Maalox, used in several different studies 
in the United States? 

Gunnar Ekenved: 

30 ml of Maalox corresponds to 15 ml ofBalancid* 
or Novalucol forte. 



Juan-R Malagelada: 

Yes, this would be an advantage, because patients 
often complain about having to go around with 
big bottles of antacid. 

Sven Moberg: 

Do you think that it is possible to increase the 
efTect of antacids by combining them with fatty 
acids, since fatty acids inhibit gastric emptying? 
Furthermore, fatty acids increase the retropulsive 
motility within the duodenum, which also may 
increase the neutralizing effect of duodenal con- 
tent within the bulb. 

Juan-R Malagelada: 

I suppose one might object at adding a high cal- 
orie-producing nutrient to an antacid which is to 
be consumed around the clock. Wouldn't you 
think so? 

Sven Moberg: 

Well, I don't think you need such big amounts 
of fatty acids, but I have no figures in mind at 
present. 

Juan-R Malagelada: 

i It would probably be the same thing as if the pa- 
tient ate a meal rich in fat, which would slow 
gastric emptying, and took the antacid afterwards. 

Sven Moberg: 

Especially when you take the antacid dose 3 hours 
after a meal, it could well contain fatty acids. 




83 

Juan-R Malagelada: 

One of the definite advantages of cimetidine is 
that it has a prolonged action. Antacids taken at 
bedtime probably have a short-lasting efTect and 
the patient remains unprotected for most of the 
night, whereas with cimetidine prolonged inhi- 
bition of acid secretion can be achieved. 

Arnold Bemad: 

The last question to Dr Walan. 
Anden Walan: 

A very short comment on this last issue. I think 
it would cause big problems to the pharmacies 
because if the fatty acid were a polyunsaturated 
fatty acid it would change very rapidly with time. 
It would not taste very good after some months. 

Juan-R Malagelada: 

Perhaps we should continue to search for ways 
of slowing gastric emptying and prolonging the 
efTect of antacids. However, you will have noticed 
from our studies that antacid efficiency was usu- 
ally of the order of 70-80 fc. Therefore, we can 
expect only a marginal gain, but worth achieving 
if we can. 
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COMPARISON OF AN H 2 RECEPTOR ANTAGONIST AND A 
NEUTRALIZING ANTACID ON POSTPRANDIAL ACID DELIVERY INTO 
THE DUODENUM IN PATIENTS WITH DUODENAL ULCER 

Timothy B. Deering, M.D., and Juan-R. Malagelada, M.D. 

Gastroenterology Unit, Mayo Clinic and Mayo Foundation, Rochester, Minnesota 

Measurement of the postprandial rate of acid delivery into the duodenum directly 
assessed the efficacy of two radically different acid-reducing therapies for duodenal ulcer 
disease. Cimetidine, 400 mg, with an ordinary solid meal decreased the 4-hr delivery of 
titratable acid and hydrogen ion into the duodenum by 63 and 86%, respectively (P < 
0.01 versus control). Liquid Maalox, 30 ml, 1 and 3 hr after an identical meal reduced 4- 
hr delivery of acid by 47 and 74%, respectively (P < 0,01 versus control). During the 
study period, the H 2 receptor antagonist effected a continuous reduction in gastric 
acidity and the delivery of acid into the duodenum. The liquid neutralizing antacid 
produced a more fluctuating decrease in these parameters. However, given in these 
dosages, the magnitude and duration of the acid-reducing effect were similar for both 
treatments. 



Even seasoned skeptics are beginning to accept the 
possibility that histamine H 2 receptor antagonists will 
revolutionize the therapy of peptic ulcer disease. If so, 
will H 2 antagonists replace liquid neutralizing antacids 
in the standard ulcer regimen? We have compared the 
effect of these two radically different drugs on the post- 
prandial delivery of acid into the duodenum of patients 
with duodenal ulcer, under experimental circumstances 
closely resembling physiological conditions. This has 
:er. jama] been made possible by recently developed methodology 1 
g that allows accurate quantification of gastric emptying 
Jastric of acid as well as other gastric functions after the inges- 
n. Gastrc4i tion of an ordinary solid-liquid meal. During the post- 
prandial period, the stomach acts in part as a reservoir 
and therefore the rate of acid secretion does not neces- 
sarily equal the rate of acid delivery into the duodenum. 
Presumably the latter is more directly related to the 
pathogenesis of duodenal ulcer. In our studies, the hy- 
drogen ion and titratable acid entering the duodenum 
were quantified, since both parameters were considered 
relevant to the interpretation of our observations. 

We designed the study using dosages that would be 
realistic in clinical practice. From our experience with 
1973, pi the use of cimetidine in doses of 200 and 300 mg taken 
:! with a similar meal, 2 it appeared that a dose of 400 mg 
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would be necessary to achieve substantial suppression 
of acid secretion and still remain within the limits of 
prior pharmacological testing. 3 Administration of the 
dose at the beginning of the meal is the simplest way of 
achieving patient compliance. For the neutralizing ant- 
acid, we chose a magnesium and aluminum hydroxide 
mixture, Maalox, because it is commonly used by pa- 
tients, has high neutralizing capacity, 4 and does not 
contain calcium carbonate. The optimum schedule for 
using antacid is in the postprandial period, 5 1 and 3 hr 
after each meal. Patient compliance in using liquid 
antacid is generally poor, 6 and dosages greater than 30 
ml twice after each meal are not likely to be acceptable 
to patients because of the resulting diarrhea and poor 
palatability. 

Methods 

Eighteen studies were performed in 6 patients with current 
symptoms and radiological evidence of duodenal ulcer. This 
investigation was approved by the Mayo Clinic Human Stud* 
ies Committee, and each patient consented in writing to par- 
ticipate. The 5 men and 1 woman, 23 to 63 years of age, had no 
previous gastrointestinal or biliary tract surgery and no evi- 
dence of gastric outlet obstruction. Scheduled in random order, 
each patient took 400 mg of cimetidine at the beginning of the 
meal on 1 day, 30 ml of Maalox 1 and 3 hr after the meal on a 
2nd day, and no treatment on a 3rd day. 

The intubation and perfusion methods have been described 
previously in detail. 1 Briefly, beginning at 7:00 am, a triple 
lumen duodenal tube was positioned fluoroscopically with a 
perfusion site at the level of the ampulla of Vater and an 
aspiration site 20 cm distally at the angle of TVeite. A size 16 
Salem sump tube was positioned fluoroscopically in the an- 
trum. The duodenum was perfused continuously at 2 ml per 
min with a solution of 0.9% saline and 0.5 yuCi per liter of 
("CJpolyethylene glycol (PEG). The stomach was initially 
emptied by aspiration and then three JO-min basal collections 
were obtained by continuous suction (-50 mm Hg) assisted by 
intermittent manual aspiration. 
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The standard meal' consisted of 90 g (uncooked weight) of 
tenderloin steak, coarsely ground to facilitate chewing 
cooked, and seasoned with 0.1 g of salt; 25 g of white bread 
with 8 g of butter; and 60 g of vanilla ice cream topped with 35 
g of chocolate syrup. A glass of water (240 ml) taken with the 
meal contained 15 g of PEG 4000. The total caloric value of the 
meal was 458 calories distributed approximately as 40% carbo- 
hydrate, 40% fat, and 20% protein. After blenderizing, the 
measured volume, osmolality, and pH of the meal were 400 
ml, 540 milliosmoles, and 6.0, respectively. 

Gastric suction was discontinued, and the patient then ate 
the meal and drank the marker within 20 min. Gastric (10 ml) 
and duodenal samples were collected thereafter at 10-min 
intervals as described before' for the next 5 hr. At V 2 , 1, 2, 3, 4. 
and 5 hr, blood samples were obtained for measurement of 
cimetidine levels. 

In the gastric samples we immediately measured the pH 
with a calibrated 7 Fisher model 250 digital pH meter, and the 
glass electrode readings were converted to hydrogen ion activ- 
ity. 7 Samples were also titrated to pH 6.0 (pH of the meal) 
with the use of 0.05 n NaOH. PEG 4000 and | ,4 C]PEG concen- 
tration in the gastric and duodenal aspirates were measured 
as previously described.' Cimetidine concentration was ana- 
lyzed by high pressure liquid chromatography (Biochemistry 
Department, Smith Kline and French Laboratories). 

For calculation of the postprandial total acid content of the 
stomach and the rates of acid (titratable acid and hydrogen 
ion) delivery into the duodenum, we used the equations previ- 
ously described in detail.' We have used the hydrogen ion 
activity (as determined by the glass pH electrode) as the 
closest estimation of hydrogen ion concentration in order to 
calculate the amount of dissociated hydrogen ion entering the 
duodenum. No attempt was made to convert hydrogen ion 
activity to hydrogen ion concentration, using Moore's reciproc- 
ity tables 7 since they may only be valid for fasting gastric juice 
and not for postprandial gastric contents. For the titratable 
acid and the hydrogen ion, the significance of the differences 
between treatments wa6 determined by the paired f-test. The 
significance of thepH differences between the treatments was 
determined by the binomial sign test since pH is a logarithmic 
parameter." 

Results 

Intragastric pH. On all 3 days, the peak gastric pH 
occurred at 20 min when the first samples were ob- 
tained. Almost constantly beyond the 1st hr, the intra- 
gastric pH was significantly higher with both treat- 
ments than after the control meal alone. Although the 
postprandial intragastric pH tended to fluctuate more 
with Maalox, only sporadic significant differences oc- 
curred between the Maalox and cimetidine treatments 
and these were not consistently in favor of either one 
(fig. 1). 

Titratable acid contained in the stomach and emptied 
into the duodenum. These parameters represent the 
total amount of acid present in the stomach at any given 
time during the postprandial period and the portion of 
the total acid delivered into the duodenum, respec- 
tively. Titratable acid is not affected by the presence of 
food, 1 and it does not include acid that has already 
reacted with the neutralizing antacid. 

As can be appreciated from figure 2, cimetidine con- 
tinually reduced the total postprandial acid content of 
the stomach whereas Maalox achieved a comparable 
effect only during the hour following each dose. How- 
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indicate significant differences between treatments. 
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Fic. 2. Effect of therapy on totaj acid content of the stomach after 
ingesting a meal at 0 hr. Cimetidine (400 mg) was taken at onset of 
meal on 1 day. Liquid Maalox (30 ml) was taken 1 and 3 hr after 
onset of meal on a 2nd day. No medication was given on control day 
Asterisks (♦) indicate significant differences between treatments. 

ever, the superior effect of cimetidine was partially 
mitigated because the stomach delayed the delivery of 
acid into the duodenum during the 2nd hour after Maa- 
lox. The next dose of Maalox then reversed in part the 
acid accumulation in the stomach that occurred between 
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the two doses (fig. 3). The total titratable acid emptied 
during the first 4 hr after the meal was not significantly 
; different between cimetidine and Maalox (table 1). 
! Hydrogen ion delivered into the duodenum. The post- 
j prandial rate of hydrogen ion delivery into the duo- 
denum on the control day increased rapidly during the 
1st hr and plateaued for the next 2 to 3 hrs. Cimetidine 
and Maalox therapy significantly reduced the hydrogen 
ion entering the duodenum for most periods after the 1st 
hr, except for 20 to 30 min near the 3rd hr. No signifi- 
cant differences were noted between the treatments, 
except during the 4th postprandial hr, when Maalox 
was statistically more effective during one 10-min pe- 
riod (fig. 4). The total amount of hydrogen ion emptied 
into duodenum during the 4 hr postprandial period did 
not differ between the two treatments (table 1). 

Blood cimetidine levels. The mean ± sem cimetidine 
blood levels were 0.34 ± 0.07 fig per ml at 1/2 hr, 1.38 ± 
0.05 fig per ml at 1 hr, 1.15 ± 0.10 *tg per ml at 2 hr, 0.99 
i 0.04 fig per ml at 3 hr, 0.54 ± 0.09 fig per ml at 4 hr, 
and 0.49 ± 0.12 fig per ml at 5 hr. The peak cimetidine 
blood levels (mean ± sem) measured in similar studies 2 
using 200- and 300-mg dosages were 0.6 ± 0.9 and 1.0 ± 
0.1, respectively, at 1 hr. 
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Pig. 4. Effect of therapy on deliver./ of hydrogen ion into duo- 
denum after ingesting a meal at 0 hr. Cimetidine (400 mg) was taken 
at onset of meaJ on 1 day. Liquid Maalox (30 ml) was taken 1 and 3 hr 
after onset of meal on a 2nd day. No medication was given on control 
day. Asterisks (*) indicate significant differences between treat- 
ments. 
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Pic. 3. Effect of therapy on delivery of titratable acid into duo- 
denum after ingesting a meal at 0 hr. Cimetidine (400 mg) was token 
at onset of meal on 1 day. Liquid Maalox (30 ml) was token 1 and 3 hr 
after onset of meal on a 2nd day. No medication was given on control 
day. Asterisks (*) indicate significant differences between treat- 
ments. 

J fou 1. Four- hour postprandial delivery of acid into duodenum 
Control Cimetidine 



partial 
elivery <$ 




Maalox 



80.7 £ 7.2 30.0 



MEQ ± 8EM/1 hr 

± 7.7" (63) 42.4 - 10.8" (47) 



32.6 ± 4.4 4.5 r 1.7" (86) 8.4 ± 3.8" (74) 

* p < 0.01, treatment versus control; numbers in parentheses 
Present percentage of reduction from control value. 



Discussion 

Most duodenal ulcers reside in the mucosa of the first 
portion of the duodenum, where they bathe regularly in 
the acid emptied there from the stomach. A direct way 
of assessing the efficacy of acid-reducing treatment for 
duodenal ulcer disease is to measure its effect on acid 
dehvery into the duodenum. In the dosages used, cime- 
tidine and Maalox significantly decreased the rate of 
emptying of acid -both titratable acid and hydrogen 
ion -after a meal. However, the magnitude and dura- 
tion of this effect were similar for both treatments. 

Cimetidine and Maalox reduce the acid entering the 
duodenum by completely different mechanisms. The 
histamine H 2 receptor antagonist inhibits the secretion 
of gastric acid. 8 ' In contrast, the aluminum and mag- 
nesium hydroxides in the liquid antacid neutralize acid 
that has already been secreted by the stomach; 4 there- 
fore, the acid delivered into the duodenum is that which 
remains unneutralized by the antacid. Cimetidine ap- 
pears to be most effective in the fasting state, 10 and its 
inhibitory action on nocturnal acid may be marked and 
prolonged. 10 ' 12 When a patient eats a meal, acid secre- 
tion is stimulated and the effect of cimetidine is dimin- 
ished. 2 In contrast, food delays gastric emptying and 
helps to retain the liquid antacid in the stomach 5 and 
thus prolongs the neutralizing effect, which is relatively 
slow and is wasted if the antacid leaves the stomach 
without reacting with acid. 4 Comparison of the total 
titratable acid and the hydrogen ion delivered into the 
duodenum after the meal showed that buffering by food 
(especially protein) reduces the rate of emptying of hy- 
drogen ion into the duodenum -particularly during the 
early postprandial period. Thus, although the neutraliz- 
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acid secretion), the rate of delivery of hydrogen ion into rnanagement of duodenal ulcer disease 
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acid secretion), the rate of delivery of hydrogen ion into 
the duodenum remained low during that 1st postpran- 
dial hr (even without therapy) because of the large 
amount of meal still present in the stomach. 

The 400-mg dose of cimetidine was more effective 
than the 300-mg dose used previously in our laboratory. 2 
Cimetidine reduced the maximal control 1-hr delivery of 
titratable acid into the duodenum from 29,6 ± 3.3 to 8 0 
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in the late postprandial period. 

Fordtran and associates observed that the effect of 60 
ml of Maalox after a meal persisted for 2 hr, although 
the authors were able to measure only pH and acid 
concentration at that time. 4 Figures 3 and 4 show that 
30 ml of the antacid given 1 hr after a meal significantly 
reduced both the titratable acid and the hydrogen ion 
emptied into the duodenum for almost 2 hr but that the 
effect then rapidly diminished. A second dose of neutral- 
izing antacid is therefore necessary 3 hr after the meal 
to continue the reduction of the acid entering the duo- 
denum until the cycle begins again with a new meal. 

Patients with duodenal ulcer may readily accept the 
H 2 antagonists because of their efficacy 13 ' M and conveni- 
ence; however, long term maintenance therapy^ may 
prove expensive, and some patients may not tolerate 
these new drugs. Our studies suggest that an oral dose 
of 400 mg of cimetidine is necessary to match the reduc- 
tion in postprandial duodenal acid load produced by 
Maalox prescribed 1 and 3 hr after meals. Thus, liquid 
antacid still provides a rational alternative therapy for 
duodenal ulcer disease during daytime. On the other 
hand, antacid stays only briefly in the empty stomach 5 
and so would not match the prolonged nocturnal inhibi- 
tion of gastric acid secretion by cimetidine. 2 In the fu- 
ture, therapy combining liquid neutralizing antacid and 
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RULES AND REGULATIONS 

7. Pectin. Pectin is sale In the 
amounts usually taken orally In antacid 
products. 

^liiSFSS* ™**Wte*Mlose. Carboxy 
ttethylcellulose is safe in amounts usu- 
ally taken (e.g., 3 grams per day) in ant- 
acid products. 

iJLf^wE: Elating under the fol 
lowing labeling conditions may con 



tlon subject to the same requirements • p0m 

Sr^^ tor the use oi Category 



19874 

contained in the monograph. Products 
which do not meet both of these require- 
ments shall be subject to the require- 
ments for Category Z products. If testing 
is promptly undertaken but data ade- 
quate to prove effectiveness* are not sub- 
mitted to the Food and Drug Adminis- 
tration "within the 2-year period, the 
ingredients listed in this category win 
no longer be permitted, even in a prod- 
uct that meets the in vitro antacid 
effectiveness standard, because of a lack 
of evidence that these ingredients make 
a meaningful contribution to the claimed-, 
effect for the product. 

1. Alffinic add. Although the ingestion 
of alginlc acid-containing products may 
produce a layer of material floating on 
top of the gastric contents, the available 
evidence is irtsnfflripnt to demonstrate 
HJwiftfti effectiveness. ThB studies are 
fragmentary, -uncontrolled, and few in 
number. No evidence is presented as to 
reproducibility of results. There is in- 
sufficient evidence that alginlc acid-con- 
taining antacid products, even if they 
do produce a floating layer on top of 
the gastric contents', are clinically bene- 
ficial Indeed, such evidence as there is ^ G w uc 

indicates that these products do not in- by or alleviated by changes in eastrfc 
crease the pH of gastrio contents as a . acidity. J ««wbw m gasmo 

whole. Since regurgitation of gastric con- 2* Claims or indications which link 
tents is particularly apt to occur when certain signs and symptoms, suehas 
patients are lying down rather than in "sour breath *\ "upper abdominal nres- 
the upright position, alginlc acid-con- sure", "full feeling", "nausea" "stomach 
tainine croducts may be less bantflrJAi distress". "indl«»e«A«» " 



Bee Sub * ar * A-<Senoral ProvUlon* 
331.1 Scope. 

Subpart B-Aetlve IngretflenU 
SJJ? Mtivo togitdienta. 

381 Jl Llsttog of specific atrtlvo ingrcdlento. 
331J6 Combination wit* nonnntacW ooiivo 

Ingredients. 



ZXI ingredients. 

J- products containing ingredi- 
^ Category I or in are often 

used to treat symptoms that are not 
known tote related to acidity Of gastric 
contents. These products may or may not 

SL^* m 

neutralizing test The symptoms Include 

£2£S^"« >^ 
pressure", "full feeling", "nausea", "ex- 
cessive- erructations", "upset stomach' 1 
and the like. Some of these symptoms 



percent contrlbu* 

» tlon or ecu™ increments. 

SJf? I wapcnituro Btaadardlzatlon. 
83L24 Tablet Orintennition tasL 

SfJS AfW neutralizing capacity teat. 
38159 Testmwijflcotlena. 

Subpart D— Labeling 
33150 Labeling of antacid produota. 
38151 Proteloaol lawScT^ 

Subpart A— General Provisions 
§331.1 Scope, 

An over-the-counter antacid product 



Wtooj^ological mechanism, and tlon Is eenerelly recomSed assEKi 

indicates that ^products do not in- by or .Deflated tar oSSL* 5? 2S2& Sft» &X2J3£aL2gEjP 

lished in § 330.1 of this chapter. 

Subpart B-nAetfvo Ingrodlontc 
§ 331.10 Antacid active ingredient* 
(a) TOei active antacid ingredients of 



we uiMi«uv jAMtwwu, ttwu-wa- , auxi jccuog", "nausea", "stomach M - . 

taming products may be less beneficial distress", 'Indigestion", "upset st omach" roe active antacid ingredient 

than a standard antacid which is more and "excessive eructations" Tvith normal Mt ©MKlrt of one or more of tho 

likely to increase the pH throughout the or hypernormal gastrio acidity are un- mcre ™5 ts Pitted in § 331.11 within 

gastric contents. t proven since the relationship of such 52.?^? *?? limit cstab- 
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rredient is safe in the amounts usually 
saken orally in antacid products. 

3. Charcoal, activated. Charcoal is 
presently considered safe in amounts 
usually taken orally in antacid products, 
but study is specifically needed to de- 
termine whether the charcoal used con- 
tains benqwrene or niethylcholanthrane 
type carcinogens. Since charcoal-con- 
' taming products may decrease absorp- 



~ jpnw* «u»6 ciuzos. eucn claims or 
indications encourage the user to draw 
conclusions as to the cause or interne* 

S^r^*£^-5? B 9 kom 5 a conclusion 
that even the medical profession is inca- 
pable of drawing at this time, 

3. The evidence currently available is 
inadequate to -support the claim that 
such properties as "floating", '"coatin*" 
defoaming". M demulceni?rand "carmJn- 



wining pxwaucis may decrease aosorp- aQve contribute to the relief of upper 
tlon of certain oral drugs, the label shall gastrointestinal symptoms. The contin- B oorrecctve to | 
bear the following drug interaction pre- ' ued n*© of such claims, or ones closely fitipatinc effecfc ' 
caution: "JDrug Interaction Precautions: ftUted to them. r*nntr»e bamim^..* .* * »•»<• «»n ». 
Do not take this product if you are pres- 
ently taking any prescription drug.*' 

4. Gastric mucin. This ingredient is 
safe in the amounts usually taken orally 
in antacid products: 

6. Kaolin, Kaolin is safe in amounts 
usually taken orally in antacid products. 
Since kaolin affects gastro-intestinal ab- 



iding capacity and results in a pH om 
or greater at the end of the initial 10- 
minute period as measured by tho 
method established in §331.26. Tho 
metood established in $331.21 shall bo 
used to deternune tho percent contribu- 
tionofeach antacid active ingredient. 

2?L T^ 8 does »ot apply to an 
antacid ingredient specifically added m 
Bcormtive to prevent a laxative or con- 



allied to them, requires ao^onal lad- 
ies both to confirm the clidmedsjS 
nWoance^ demoartrate cUnicaldg. 
«_ TO i? r S fore » wwi&at to provisions of 
?iS F Dru *' Cosmetic 



6S51 ^cnto! iaff ° f * pcdfic aclIvo itim 



gridiente^ m " Cmta ^ ncUve 
(1) Aluminum carbonato. 

106W6 as amended by 70 Stat. MOand 5*S21 £? al ?S? $ydiwctd e-mngnfel. 



sorption, kaolin interferes with the ah- 72 stat - 948 21 TX&C. 321, 362. 355. 371) g 11 cy bonote codried gel aluminum hy- 
sorption of lincomycin, and therefore the ^ ^ Administrative Procedure Act SfP^SSSS? 16 ??? t S?Wcate codrlcd 
label shall bear the following drug inter- 10. 60 Stat 238 and 243 as 5?: J^umte«m-lxytUt»dde sucroso pow- 

action precaution: 'Drug Interaction tended; 5 U£.c. 553. 654. 702.7oa 9^ ^TOff^i , 

™ ?fK^^ m ^oacotnto 
and ouhydrosyaluminum ominoacotio 



action precaution: "Drug Interaction 
Precautions: Do not take this product if 
you are presently taking a prescription 
antibiotic drug ^tnfatw g lincomycin." 

6. MethylccUtdose. Methylcellulose is 
safe in amounts usually taken orally 
e.g„ 2 erams per day in antacid 
products). 



amended; 5 U.&C.553, 654, 702, 703, 704) 
and under authority delegated to ^ 
Commissioner C21 CFR 2.120) and based 
upon the administrative record in this 
Pix*eedmg, Title 2 1 of the Code of Ped- 
^^tions^ tended by adding 
Parts 331 and 332 (formerly 55 130505 
and 130^06) to Subchapter D to read as' 
follows: 



acid. 

(6) Dihydroxyaluminum sodium cor- 
Donate. 
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daily dosage limit 200 mEq, for persons 
up to 60 years old and 100 mEq. for per- 
sons 60 years or older. 

(c) Bismuth -containing- active Ingre- 
dients: 

(1) Bismuth eliminate. 

(2) Bismuth carbonate. 

(3) Bismuth subcarbonate. 

(4) Bismuth subsaHate. 

(5) Bismuth subnitrate. 

(d) Calcium-containing active in- 
gredients: Calcium, as carbonate or 
phosphate; rnnximnm daily dosage lim- 
it 160 mEq. calcium (e.g„ e grams cal- 
cium carbonate)* 

(e) Citrate-containing active Ingre- 
dients: Citrate ion, as citric add or salt; 
maximum dally dosage limit 8 grains. 

(f) Glycine .(aminoacetic add). 
Cg) ^enprfwm^Ti^^Ync active u . 

j gredients: 

CD Hydrate magnesium alumina te ac- 
tivated sulfate. 

(2) Magaldrate. 

(3) 'M'ft y^agtm w nhTTtt4r)^H^^ 

(4) Magnesium carbonate. 

(5) Magnesium giycinate, 

(6) Magnesium hydroxide. 

(7) Magnesium oxide. 
<8) Magnesium triplicate. 
OO MPk solids, dried. 
CO Phosphate-containing active In- 

. gredients; 

CD Aluminum phosphate; n^^^ m 
daily dosage limit 8 grams. 

C2> Mono or dibasic calcium salt* 
maximum daily dosage llmt 2 grams. ' 

CS) Mcaldum phosphate; maximum 
daily dosage limit 24 grams. 

(j) Potassium-containing active In- 
gredients: 

CD Potassium bicarbonate Cor car- 
bonate when used as a component of an 
effervescent preparation) ; m&Ttm^ m 
dally dosage limit 200 mEq. of bicarbon- 
ate ion for persons up to 60 years old 
and 100 mEq. of bicarbonate ion for per- 
sons 60. years or older. 
C2) Sodium potassium tartrate. 
Ck) Sodium-containing active ingre- 
dients: 

CD Sodium bicarbonate Cor carbonate 
when used as a component of an effer- 
vescent preparation!; ™p^mnm ( j afly 
dosage limit 200 mEq. of sodium for 
persons up to 60 years old and 100 mEq. 
of sodium for persons 60 years or older, 
and 200 mEq. of bicarbonate Ion for 
persons up to 60 years old and 100 mEq . 
of bicarbonate ion for persons 60 years 
or older. Die warning required by 



RULES AND REGULATIONS 

rect for constipation caused by the ant- 
acid. No labeling claim of tho laxative 
effect may be used for such a product 
(b) An antacid may contain any gen- 
erally recognized as safe and effective 
analgesic Ingredient Cs), if it is Indi- 
cated for use solely for the concurrent 
symptoms involved, e^., headache and 
add indigestion, and is marketed in a 
form intended lor ingestion as a 
solution. 

Cc) An antacid may contain any gen- 
erally recognized as safe and effective 
antiflatulent ingredient if it is Indicated 
for use solely for the concurrent symp- 
toms of gas associated with heartburn, 
sour stomach or acid indigestion. 

Subpart C-^ Testing Procedures 
§331*20. Apparatus and reagents. 

Ca> PH meter, equipped with gloss and 
salted calomel electrodes. 
Cb) Magnetic stirrer. 
CO Magnetic stirring bars (about 40 
xnnL long and io mm. in diameter) . 
Cd) 60 ml buret, 
(e) Buret stand. 
Cf ) 100 ml beakers. 
Cg> 250 ml beakers. 

J? naL, 20 ml and 30 mL pipets 
calibrated to deliver. 
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CD Tablet comminuting device. 

ordi^ff 20ttdlW **• stod - 
^K ) ™U disintegration apparatus. 

On) OX Nsodlma hydroxide. 

Cp) Distilled Water. 

§ 331.21 DctennSaatioa of percent eon. 
tribulion or naive ingredients/ 

J* 1 ™* the percent contribution 

is desired, add not more than 5 mL of 
05 percent ethanol and mis thoroughly 
to wet the sample (ethanolmay affect the 
add neutralism* capacity). Add water 
to a volume of 70 mL and mix on mag- 
netic stirrer at 300±30 r,pon. for about 
one minute, analyze the sample accord- 
ing to the procedure set forth in ff 33L26 
and calculate the percent contribution of 
the antacid active ingretUent in the total 
product as fallows: 



Percent *f*n*m™H™~ Total mEq. Antacid Active Xngredtentxio o 
Total mEq. Antacid Product 



§ 331.22 Reagent standardisation. 

Standardise the sodium hydroxide 
CNaOR) and Hydrochloric add CEO) 
fS^Wom^occordimT to the procedures in 
the United States Pharmacopeia X7JH 
5 7ft 9S I i a ? e 1086 HCl page 1031) or 
the Official Methods of Analysis of the 
Association of Official Analytical Chem- 

§331.23 Temperature atandardlzaUon. 

All tests shall be conducted at 2S # C± 
3 . 

§331.24 



TnMet disintegration test. 
A tablet disintegration test shall be 
performed on tablets that are not to be 
chewed following the procedures de- 
scribed Jnthe United States Phanna- 
fffe^iP?? (Mse 832). a tho label 
states the tablet may be cwalloWML It 
must dUntegmte Irtthta a^itouto 
time limit pursuant to the test procedure 



(calculate density) and well mixed 

o^^oflteantaddp^nctSntS 
to the minimum labeled dosajre-ei s 
mU into a 100 mL beato. S&. 
water to obtain a total volume oXabout 
"to on magnetic stteefat 
300±30 rjua. for about onelmtaute* 
Analyze the sample according to th7w£ 
eedureeetforthto83SL25 
®L? h ™* ile *on-*hewable tablet 

topasa i^ropsh a number 20 UJS standi 
aid mesh i sieve and held by anSScr 
100 JM. standard mesh sievej Mxtbl 
SSSf. *?? ^Si ^obtain a m^fom 
"2% * ?«Wng to desired; atfnot 
ZTJ^JJS* * Percent ethanol 



fi mite) camcerntar overdoses is not ^J^SSSS^iJS the test procedure and mix to **tthe SrnSeto^r^K 

re<nHrtd on a product containing only i^«^ulated gastric fluid test solutton Cethanol may effectthVacMr^SS^ 

sodium bicarbonate powder/^ w S^.'TOJ 118 XXhited States capadtr)7Sdrote tc *T toW^rX 

m finditm Bobuwdnm t*irf«>f» Pharmacopeia XV1LL nano in? ft mi nWrf » a volume of 40 



sodium bicarbonate powder. 
(2) Sodium potassium tartrate, 
Q) Silicates: 

(2) 'M'ofn^t^rri trlslllc atei 
. Cm) Ttotgate-contaming active Ingre- 
dients. Tartaric add or its salts; 
maximum daily dosage limit 200 mEq. CIS 
grams) of tartrate. 

§331.15 Combination with nonantacld 
active ingredients. 

(a) An antacid may contain any gen- 
erally recognized as safe and effective 
nonantacld laxative ingredient to con 



th£T2£E? 2f IFF* P?? x ^ »ther 
than water as the immersion fluid. 

§ 331*25 ^ Preliminary nniadd test 

Ca) pB meter. Standardize the nH 
meter at pH to with the standardly 

•ample. Place on accurately weighed 



nss. ^ woc€dare «*srtt to 

(3) Effervescent sample* Place an 
iS5* to the SwLS 

labeled dosace into a 100 mL beateAdd 
iOmL rater oatf raid thebatoKntiy 

Add another 10 ml of water andswM 
the beaker ceatlr. Wash down the S 
of the beaker with 20 inL of wateand 
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mix on magnetic stirrer at 300±SO r.p jxl 
for aboutoneminute. Analyse the sample 
according to the procedure set forth In 
3 331.25. 

(4) Chewing gum samples with ant- 
acid in coating. Place the number of 
pieces of gum equivalent to the minimum 
labeled dosage in a 100 ml beaker. Add 
40 ml. of water and mix on magnetic 
stirrer at 300±30 rj>jn. for about 2 to 
3 minutes. Analyse the sample according 
to the procedure set forth in § 331.25. 

(o) Test procedure. (1) Add 10.0 ml. 
0 J N HC1 to the test solution while stir- 
zing on the magnetic stirrer at S00±30 

(2) Btir for exactly 10 minutes after 
additiontrf add. 

(3) Read and record pH. 

(4) If pH is below 33, the product shall 
not be labeled .as an antacid. If the pH 
is 3J5 nr greater; determine the acid 
neutralizing capacity according to the 
procedure set forth In § 33UZB. 

§ 33126 Acid amtralfrjng capacity test. 

(a) pH meter. Standardize the pH 
meter it pH 4.0 with the standardizing 
buffer and check for proper operation at 
pHl with 0.1 NEGL 

<b> Dosage, form testing—a) Liquid 
sample. Place an accurately weighed 
(calculate density) and well 'mixed 
amount of product equivalent to the 
minimum labeled dosage <eg^ 5 jmi, etc.) 
into a 250 ml beaker. Add sufficient water 
to obtain a total volume of about 70 
ml. and mix on the magnetic stirrer at 
300 * * - 



RULES AND REGULATIONS' 

Assay sis pieces of gum Individually in 
the following manner: 

(1) Place one piece of gum in a 250 ml. 
beaker and add 50 mL of water. 

01) Pipette In 30.0 ml. of 1,0 N EC! 
and stir on magnetic stirrer at 300±30 
rj?jn. 

<1U) Stir for exactly 10 minutes after 
Addition of Add. 

<iv) Stop the stirrer and remove the 
gum using a long needle or similar 
utensiL 

(v) Rinse the. long needle or utensil 



cd^ate duplicative words or phrasca If 
l^SSS^ 15 dear a » d 

ti) 1*> not take more than (maxi- 
S ^f 0 i^ ended ^ dosa ce» broken 
2S2Li y 4«^i? oup l lf a ?W°Priftto, ex- 
pressed In units such as tablets or tea- 
spoonfuls) in a 24-hour period, or uso 
the maximum dosage of this product for 
more than 2 weeks, except under tho 
"2?* J** supervision of a physician. 0 
<2> For products which causo const!- 
v 0 ^? * Percent or more of persons 



the sample beaker, dosaire: "May cam** ^fi^SSr2 raacQ 



the sample beaker, 

<vl) Stir lor exactly 5 additional 
minutes. 

<vii) Begin titrating immediately and 
in a period of time not to exceed 5 
minutes titrate the excess 1.0 N HC1 
with 05 U WaQH to stable pHof3.5. 

(viii) Check sample solution 10 to 15 
seconds after obtaining r>H 3.5 to deter* 
mine that the pHtoSSbleT 

Ux) Average the results of the six In- 
dividual assays and calculate the total 
mEq. based on the ™immiti* la b eled 
dosage as follows: 



of HQ)-(ml of JtoGH) {normality of 
msq^eee oigums={SQi> znL) {normality 
oases (number or pieces of cum in mini- 
mum dosege)X(mEq./piete or gum). 

, fc> Add neutralizing capacity test 
SSffS^ <«eept cterfnp gum). <l> 
•Hpette 80.0 ml, of 1.0 N HC1 into the 
sample .solution mule stirring on the 



, and mix on the magnetic stirrer at «™p*e wmuon vrwie stirring 
}±30 r.pm. for about one minute. An* ■ magnetic stirrer fit 300±30 tvjxl 



alyze the sample according to the pro- 
cedure set forth in ? 33136. 

(2) Chewable and non-chcwable tablet 
sample. Place an accurately -weighed 
amount of a tablet composite equivalent 
co the minimum labeled dosage Into a 
250 ml. beaker. Ofce composite shall be 
prepared by determining the average 
-weight of sot less than 20 tablets and 
then comminuting the tablets sufficiently 
to pass through a number 20 TJS. stand- 
ard mesh sieve and held by a number 100 
U.8. standard mesh sieve. ISh, the sieved 
material to obtain & uniform sample.) if 
wetting is desired, add not more than 
5 mL of 95 percent ethanol and mix to 
wet the sample thoroughly {ethanol may 
effect the add neutralizing capacity). 
Add water to a volume of 70 ml. and mix 
on magnetic stirrer at 300±30 r.pjn. for 
about one minute. (Capsules should be 
tested in the same manner using the 
sieved capsule powder as the samplO 
Analyse the sample according to the prjo- 
. cedure set forth in S 331.26. 

(3) Effervescent sample. Place an 
amount equivalent to the minimum 
labeled dosage Into a 250 ml beaker. Add 
10 ml water and swirl the -beaker gently 
while allowing the reaction to subside. 
Add another 10 ml. of water and swirl 
the beaker gently. Wash down the walls 
of the beaker with 50 ml of water and 
mix on magnetic stirrer at 30D±30 r.p jn. 
for about one minute. Analyze the sam- 
ple according to the procedure set forth 
ia533L26L 

<4) Sample and test procedure for 
chewing gum with a n ta cid in coating. 



Stir *or exactly 15 minutes after 
addition of add. 

(3) Begin titrating immediately and 
in a period not to exceed an additional 5 
S^S^f S^ate ***ss U> N HC1 with 
0.5 N NaOH to stable pH of 3.5. 

(4> Check the sample solution 10 to 
15 seconds after obtaining pH 3.5 to 
make sure the intestable/ 

(5) Calculate the number of mEa. of 
acid neutralised by the sample aTfol- 
lows: 



of 



Total mEq.= (SOX ml.) (normality 
HC1) - (ml. of NaOH) (No! kSS^T^ 

Use appropriate factors, Le, density. 

SS^SJ^St etc - *° calculate 

S f , acld neutralized per 
minimum labeled dosage. 

$331.29 Test modifications. 

~^t£^^ t ^ im, * /Qr mo *e ot ad- 
ministration of certain products may re- 
quire modification of this in vitrotest. 
Any proposed modification and the data 
to support it shall be submitted to the 
•Food and Drug Administration lor ap- 
proval prior to use. 

Subpart D— Labeling 

£33130 LcitUng of antacid products. 

(a) Indications, She labeling of the 
product represents or suggests the nrod- 
uctas an "antacid" to alleviate the fol- 
lowing symptoms: '^Heartburn, " 4 fsour 
stomach," and/or "add Indigestion." 

(b) Warnings. The labeling of the 
product contains the following waznlnes 
under the heading "Warning*" f whteh 



dosage: "May cause constipation." 

(3> For produ3ts T7hich cause luxation 
In 5 percent or more of persons who tabo 
the maximum recommended <3osnrn* 
"May have laxative effect^ C 

(4> JP° r PJ°*wts containlnn moro than 
50 mEq. of magnesium In the recom- 
mended dally dosage: "Do not uso this 
product except under the advico end 
superviston of a physician If you hnvo 
kidney disease." 

5 m^. sofllum in the maximum recom- 
mended dally dose: *Do not uso this 
product except under the advice and 
e^ul^c^^ « ^ we on « 
<*> *° r Products containing moro 
than 25 mEq. potassium In the maximtun 
Tecommended dally dose: "Do not uso 
this product except under the advice and 
supervision of a physician If you hove 
kidney disease." ' yw 

<7) For products containing more than 
o gm per day lactose In a maximum 
dally dorage: "Do not use this produot 
except under advice and supervision of a 
physician If you are aHergio to milk or 
milk products." 

<c> Drug interaction precautions, Tho 
labeling of the product contains the fol- 
lowing drug interaction precautions, 

K,*W" dtoB totwttCtl » 
(1) IT the product is an aluminum con- 
taining antacid: -Do not take this prod- 
uct it you are presently taking a pro- 
scription antibiotic drug containing any 
form of tetracycline." 

<d) Directions )or use. Tat labeling of 
the product contains the recommended 
dosage, under the heading "Directions", 
per time interval every 4 hours) or 
time period (e^ & times a day) broken 
down by age groups if appropriate fol- 
lowed by "or as direoted by a Physician." 

(e) ^Statement of sodium containing 
ingredients. The labeling of tho product 

^^J^LfSS^ p» dS 

unit (e^.. tablet, teaspoonful) if it is 
0^ mEq. <5 mgj or higher. 

§331*81 Professional labeling. 

(a) The labeling of the product pro- 
vided to health professionals (but not 
to the general public) : 

(1) anil after June 4, 1076 contain 
the neutralizing capacity of the product 
as calculated using the procedure sot 
forth in § 38150 expressed in terms of 
the dosage recommended per minimum 
time interval or, If the labeling recom- 
mends more than one dosage, in termo 



may be combined but not rearranged to of the minimum dosage r^mmS 
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per minimum time interval For compli- 
ance purposes, the value determined by 
the acid neutralizing test at any point 
in time shall be at least 90 percent of 
the labeled value. No product shall be 
marketed with an acid neutralizing ca- 
pacity below 5 mEq. 

(2) May contain an indication for the 
symptomatic relief of hyperacidity asso- 
ciated with the diagnosis of peptic ulcer, 
gastritis, peptic esophagi tis, gastric 
hyperacidity, and hiatal hernia. 

(b) Professional labeling for an ant- 
acid-antiflatulent combination may con- 
tain the information allowed for health 
professionals for antacids and anti< 
flatulents. 
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PART 332— ANTIFLATULENT PRODUCTS 
FOR OVER-THE-COUNTER HUMAN USE 
Subpart A— Genual Provisions 

Sec. 

332.1 Scope. 

Subpart B— Actlvt Ingredients 

33210 AntUUtuleat aetire Ingredients. 
332.15 Combination with non-antlAatnlent 
active Ingredients. 

Subpart C—CReserved} 

Subpart D-UbtOng 

332.30 labeling of antlnatnknt products. 
33231 Prolesslonal labeling. 

Subpart A— General Provisions 

§ 3S2.1 Scope, 

An over-the-counter antiflatulent 
product in a form suitable lor oral ad- 



ministration Is generally recognized as 
safe and^cffectlve and Is not mlsbranded 
4 jf J£ meets cacbxof the folloirfng condi- 
tions aadf«iich,6f the general conditions 
established in §330.1 of this chapter. 

5ubpart*B-*etlve Ingredients 
8 33 M^Vmifltttttlent active ingrrdi- 

« s ^^w>ne;jmn^iramn dally dose 600 
mg. ^ereWfio.dosage limitation at this 
time for professional labeling. 

§ 332>15-faniulneilon irlih non-ant.. 
flotulentr oc u%^ingredlents. 

An antiflatoient^may contain any gen- 
fraUy jwgaigedi as^safe and effective 
antacid ingridient(fi)^if it is indicated 
tor me splelytforsttitf ^ 
toms^of ga|¥ojsotlated^th heartburn! 
sour^gtomficEfor acid ind^estton? ' 

Subpart-(>^escrved] 
Subpart^O— Ubellng 
§ 332i30^I^cIing of nnUflalulcm prod. 

(a) 2ndtea«oiu.„The labeling of the 
product^represeatsfor suggests tho prod- 
uct as aa «'aatinfifiaent? ?ono7or "to nl- 
le\tote^or rdlev8*Uieis3naptoms of gas." 

(b) DirecttmutiOT use. The labeling of 
the product contains the recommended 
dosage per time Interval (e*. every 4 
hours) or time period (tg, 4 times a 
day) broken down by age groups If ap- 
propriate, followed by "except under the 
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««£S? supervision of a physician." 
litl JIV* or M needed- may be used 
interval or time period. 
5 332.31 Professional labeling 

^i a 2 ? he .l*bel|jg-/6f ,th« product bm- 
vlded to health prnfessionaU «^ P a Tt 
*• the general public) -may contain as 

end0SC0J) ^ examlna- 
<b) Broftsslonal labellns for an anti- 
flatoJent-antacld combination may^on- 
25£2T HBa ""owd 'or he^tn pro- 
fesslonalsfer antacids ahttanttflatulttts. 

J£ eC J?'J UtU: - ™* order shall be-' 
come effective on July s 1074 

tog an extension of thoeffectlve date 
for reformulation shaU. become effective 
on June 4. 1975, and where refomuu! 
tlon Is necessary and an extension Is 
CrnntM shan become effective on June 4 
lST^nie labeling of a product to health 
professionals shall after-June 4 we 
contain the neutralldng caSty ol S 
Product as eauS5*£ff 
dure set forth la }33L267^ 
Sated: May 29,1974. 

Comintoonero/rSoS'Strir. 

(FRDoc?4.12GMjnM W-74;8:45 un) 
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Health Publications 

o Comments 

What's in an antacid? 

FDA Consumer, Jan-Feb, 1992 by Tom Cramer 

The opposite of an acid is a base, and that's exactly what antacids are. 

But a base all by itself can't neutralize the acid inside you. For reasons that are best explained 
on a blackboard in chemistry class, a base needs some chemical helpers," or ingredients to 
accompany it on its neutralizing mission into your stomach. 

All antacids contain at least one of the four primary "helpers" or ingredients: sodium calcium 
magnesium, and aluminum. ' UUffl| 

Here's a brief rundown of the composition and some potential side effects of various antacids: 
Sodium (Alka-seltzer, Bromo Seltzer, and others) 

Sodium bicarbonate or baking soda, perhaps the best known of the sodium-containine 
antacids, is potent and fast-acting. As its name suggests, it's heavy in sodium If you're on a 
salt-restricted diet, and especially if the diet is intended to treat high blood pressure take a 
sodium-containing antacid only under a doctor's orders. ' 

Calcium (Turns, Alka-2, Titralac, and others) 

Antacids in the form of calcium carbonate or calcium phosphate are potent and fast-acting. 

Regular or heavy doses of calcium (more than five or six times per week) can cause 
constipation Heavy and extended use of this product may clog your kidneys and cut down the 
amount of blood they can process, and can also cause kidney stones. 

Magnesium (Maalox, Mylanta, Camalox, Riopan, Gelusil, and others) 

Magnesium salts come in many forms-carbonate, glycinate, hydroxide, oxide, triplicate and 
aluminosilicates. Magnesium has a mild laxative effect; it can cause diarrhea For this reason 
mapesium salts are rarely used as the only active ingredients in an antacid, but are combined 
with aluminum, which counteracts the laxative effect. (The brand names listed above all 
contain magnesium-aluminum combinations.) 

Like calcium, magnesium may cause kidney stones if taken for a very prolonged period 
especially if the kidneys are functioning improperly to begin with. A serious magnesium 
overload in the bloodstream hypertnagnesemia) can also cause blood pressure to drop leadine 
to respiratory or cardiac depression-a potentially dangerous decrease in lung or heart function 
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Aluminum (Rolaids, AlternaGEL, Amphoge], and others) 

Salts of aluminum (hydroxide carbonate gel, or phosphate gel) can also cause constipation 
For these reasons, aluminum is usually used in combination with the other three primary ' 
ingredients. r 3 . 

Used heavily over an extended period, antacids containing aluminum can weaken bones- 
especially m people who have kidney problems. Aluminum can cause dietary phosphates 
calcium and fluoride to leave the body, eventually causing bone problems such as osteomalacia 
or osteoporosis. 

It should be emphasized that aluminum-containing antacids present virtually no danger to 
people with normal kidney function who use these products only occasionally and as directed. 

Simethicone 

Some antacids contain an ingredient called simethicone, a gastric defoaming agent that breaks 
up gas bubbles, making them easier to eliminate from your body. 

FDA says simethicone is safe and effective in combination with antacids for relief of eas 
associated with heartburn. But not all antacids contain this ingredient. 

If you're looking for relief of symptoms associated with gas, read the antacid's label carefullv to 
make sure it contains simethicone, n 
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SUMMARY 

Heartburn is a normal consequence of pregnancy. The 
predominant aetiology is a decrease in lower oesopha- 
geal sphincter pressure caused by female sex hormones, 
especially progesterone. Serious reflux complications 
during pregnancy are rare; hence upper endoscopy and 
other diagnostic tests are infrequently needed. Gastro- 
oesophageal reflux disease during pregnancy should be 
managed with a step-up algorithm beginning with 



lifestyle modifications and dietary changes. Antacids or 
sucralfate are considered the first-line drug therapy, If 
symptoms persist, any of the histamine 2 -receptor 
antagonists can be used. Proton pump inhibitors are 
reserved for women with intractable symptoms or 
complicated reflux disease. All but omeprazole are 
FDA category B drugs during pregnancy. Most drugs 
are excreted in breast milk. Of systemic agents, only the 
histamine 2 -receptor antagonists, with the exception of 
nizatidine, are safe to use during lactation. 



INTRODUCTION 

Heartburn is estimated to occur in 30-50% of preg- 
nancies, with the incidence approaching 80% in some 
populations. 1 Usually, heartburn during pregnancy 
resolves soon after delivery, however, sometimes it 
represents exacerbation of pre-existing gastroesopha- 
geal reflux disease. Most patients begin to note their 
symptoms late in the first trimester or second trimester 
of pregnancy with heartburn becoming more frequent 
and severe in the latter months of gestation. Although 
symptoms can be severe, oesophagitis is infrequent 2 and 
usually in patients with pre-existing disease. Reported 
risk factors for heartburn in pregnancy include gesta- 
tional age. heartburn antecedent to the pregnancy and 
muJtiparity. Body mass index before pregnancy, weight 
gain during pregnancy, or race do not predict heartburn 
and older maternal age seems to have a protective 
effect. 3 Thus, heartburn is so common during preg- 
nancy that patients and obstetricians both view it as 
a normal occurrence during a healthy pregnancy. 
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E-mail: jrichur@temple.edv 



Nevertheless, the challenge of heartburn during preg- 
nancy is patient and doctor concerns about the 
potential teratogenicity of common antireflux medica- 
tions and the approximate step-up therapy for troubling 
symptoms. This review will address the treatment of 
gastroesophageal reflux disease during pregnancy and 
breast feeding as well as briefly summarizing the 
pathogenesis of this syndrome, clinical presentation 
and diagnostic work-up. The literature search for this 
review used online databases PubMed and MEDLINE, 
and relevant manuscripts published in English between 
1966 and 2005 were reviewed. The search terms used 
included gastroesophageal reflux disease, heartburn 
in pregnancy, heartburn in lactation, antacids. Gavis- 
con. sucralfate. histamine 2 -receptor antagonists, pro- 
ton-pump inhibitors and all the specific prescription 
drugs in the latter two drug classes. All abstracts were 
screened, potentially relevant articles were researched 
and bibliographies were reviewed. 

PATHOGENESIS 

In the first trimester of pregnancy, basal lower oesopha- 
geal sphincter (LES) pressure may not change, but is less 
responsive to physiological stimuli (i.e. pentagastrin. 
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edrophonium chloride, methacholine or a protein meal) 
that usually increase LES pressure. 1, 4 In the later two 
trimesters, LES pressure gradually falls approximately 
33-50% of basal values reaching a nadir at 36 weeks of 
gestation and rebounds to prepregnancy values 
1-4 weeks postpartum. 5 Animal and human studies 
find that the increased circulating levels of progesterone 
during pregnancy mediate the LES relaxation, but 
oestrogen is a necessary primer. 1 The secondary role of 
increased abdominal pressure because of the enlarging 
gravid uterus is more controversial. All studies agree 
intra-abdominal pressure increases with pregnancy. It is 
unknown whether the normal compensatory response 
of the LES to increase to these changes is impaired during 
pregnancy. 1 Others have suggested that abnormal 
gastric emptying or delayed small bowel transit might 
contribute to heartburn in pregnancy. 



Table 1. FDA classification of drugs for pregnancy 

FDA classification Definition — — 

Category A Well controlled studies in humans 

show no fetal risk 
Category B Animal studies show no risks, but human 

studies inadequate or animal studies 

show some risk not supported by 

human studies 

Category C Animal studies show risk but human 

studies are inadequate or lacking or 
no studies in humans or animals 

Category D Definite fetal abnormalities in human 

studies but potential benefits may 
outweigh the risks 

Category X Contraindicaled in pregnancy, fetal 

abnormalities in animals or humans. 
Risks outweigh benefits 



CLINICAL PRESENTATION DURING PREGNANCY 

The symptoms of heartburn during pregnancy do not 
differ from the classical presentation in the general adult 
population. Heartburn is the predominate symptom and 
worsens as pregnancy advances. Regurgitation occurs 
in about the same frequency as heartburn. The majority 
of patients report exacerbation of symptoms with eating 
and at bedtime. 2 Some patients will eat only one meal a 
day because of intense postprandial symptoms and 
others will need to sleep upright in a chair. Complica- 
tions of gastroesophageal reflux disease (GERD) dur- 
ing pregnancy, especially oesophagitis and stricture 
formation, are rare. This observation should not be 
surprising since the reflux of pregnancy is generally of 
short duration without a background of chronic GERD. 

DIAGNOSIS IN THE PREGNANT PATIENT 

As in the non-pregnant patient, the initial diagnosis of 
GERD in pregnancy can reliably be made based on 
symptoms alone. 6 Barium radiographs are not neces- 
sary and should be avoided because of radiation 
exposure to the fetus. Oesophageal manometry and pH 
studies are rarely necessary during pregnancy but can 
be performed safely. Upper gastrointestinal (GI) endo- 
scopy is the procedure of choice to evaluate intractable 
reflux symptoms or complications. This procedure can 
be safely performed without harm to the mother or fetus 
by carefully monitoring blood pressure and oxygen and 
judicious use of conscious sedation and fetal monitor- 



ing. 2, 7 * 8 Midazolam and diazepam are category D, 
fentanyl is category C and meperidine and propofol are 
category B drugs during pregnancy (Table 1). Although 
not approved by the FDA for these indications during 
pregnancy, clinical experience suggests that these 
medications are safe with appropriate monitoring, 
particularly after the first trimester. 7, 8 

MEDICAL TREATMENT OF GERD DURING 
PREGNANCY 

The challenge of treatment during pregnancy is the 
potential teratogenicity of common antireflux medica- 
tions. Lifestyle modification is the key for treating mild 
symptoms. Smaller meals, not eating late at night, 
elevation of the head of the bed and avoiding foods and 
mediations causing heartburn usually relieve the mild 
symptoms seen in early pregnancy. Chewing gum 
stimulates the salivary glands and can help neutralize 
acid. Abstinence from alcohol and tobacco are encour- 
aged to reduce reflux symptoms and to avoid fetal 
exposure to these harmful substances. 
For more troubling reflux symptoms, the doctor must 
discuss with the patient the benefits vs. the risk of drug 
therapy. Informed consent is appropriate. Nearly all 
medications are not tested in randomized-controlled 
studies in pregnant women because of ethical and 
medicolegal concerns. Most recommendations on drug 
safety arise from case reports and cohort studies by 
doctors, pharmaceutical companies or the FDA. Volun- 
tary reporting by the manufacturer's suffers from 
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unknown duration of follow-up, absence of appropriate 
controls and possible reporting bias. 9 
Commonly used medications include antacids, sucral- 
fate, histamine 2 -receptor antagonists (H 2 RAs). promo- 
tility drugs and proton-pump inhibitors (PPIs). The 
incidence of major fetal malformations in the general 
population ranges between 1% and 3%. 10 The FDA 
divides the safety of drugs during pregnancy into five 
categories (A, B. C, D and X) based on systemic 
absorption and reports of congenital defects in animals 
or humans (Table l). 31 

The teratogenic period ranges from day 31 (in a 
28-day menstrual cycle) to day 71 from the last 
menstrual period. 10 essentially the first 10 weeks of 
gestation. This represents the critical period of organ- 
ogenesis. Before day 31, exposure to a teratogen usually 



causes an all-or-none effect; either the fetus dies or 
survives without anomalies. Fetal cells are totipotential 
during this time period with respect to organogenesis; 
therefore, if a few cells die, the remaining cells can 
replace their function. Drugs that are not urgently 
required should be withheld until after the teratogeneic 
period, although drugs can still alTect the fetus in later 
gestation. Drugs used for GERD during pregnancy and 
their FDA categories are summarized in Table 2. 

Antacids 

Antacids are fast and effective at relieving the symptoms 
of heartburn and are preferred by patients as a result of 
the immediate symptom relief provided. About 30-50% 
of women will only require antacids to ease their 



Table 2. FDA classification of drugs used for gastro-oesophageal reflux disease in pregnancy 



Drugs 



FDA class 



Comments 



Antacids 
Aluminium-, calcium- or 
magnesium-containing 
antacids 

Magnesium trisilicates 
Sodium bicarbonate 

Mucosal protectant 
Sucralfate 



None 



None 
None 



B 



Histamine 2 -receplor antagonist (H 2 RA) 
Cimetidtne B 
Ranitidine B 



Famotidine 
Nizatidine 



Promotility agents 
Cisapride 



Metoclopramide 
Proton-pump inhibitors 
Omeprazole 

Lansoprazole 

Rabeprazole 

Pantoprazole 

Esomeprazole 



B 
B 



B 
C 
B 
B 
B 
B 



Most are safe for use during pregnancy and for 

aspiration prophylaxis during labour 

because of minimal absorption 
Avoid long-term, high-dose therapy in pregnancy 
Not safe for use in pregnancy as causes fluid 

overload and metabolic alkalosis 

No teratogenicity in animals. Generally regarded as 
acceptable for human use because of minimal absorption 

A prospective, controlled study suggests acceptable for use in humans 
Same as above. Ranitidine is the only H 2 KA whose 

efficacy during pregnancy has been established 
Same as cimetidine, but paucity of safety data in humans 
Not recommended during pregnancy. In animals, spontaneous abortion, 

congenital malformations, low birth weight and fewer live 

births have been reported. Little data in humans 

Embryotoxic and fetotoxic in animals. Recent prospective controlled study 
in humans suggests acceptable in pregnancy, but drugs recently 
removed by FDA for fatal cardiac arrhythmias 

No teratogeneic effects in animals or humans reported 

Embryotoxic and fetotoxic in animals. Case reports in human suggest 

similar concerns. Acceptable for use for aspiration prophylaxis in labour 
No fetal teratogenicity or harm. Limited human pregnancy date 

Use is acceptable for aspiration prophylaxis during pregnancy 
No fetal teratogenicity or harm. Limited human pregnancy dale 

Use is acceptable for aspiration prophylaxis during pregnancy 
No fetal teratogenicity or harm. Limited human pregnancy date 

Use is acceptable for aspiration prophylaxis during pregnancy 
No fetal teratogenicity or harm. Limited human pregnancy date 

Use is acceptable for aspirauon prophylaxis during pregnancy 
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heartburn of pregnancy. Only limited data exist con- 
cerning the effects of antacids on the fetus with no 
controlled trials of efficacy. Magnesium-, aluminium-, or 
calcium-containing antacids are not teratogeneic in 
animal studies, 12 although 15-30% of magnesium and 
a smaller percentage of aluminium preparations are 
absorbed after reacting with hydrochloric acid. 
One retrospective, case-controlled study in the 
1960s 13 reported a significant increase in major and 
minor congenital malformations in infants exposed to 
antacids during the third trimester of pregnancy. 
However, analysis of individual antacids (aluminium 
hydroxide, sodium bicarbonate, magnesium trisilicate 
and calcium carbonate) found no association with 
increased congenital anomalies. A recent European 
consensus conference recommended calcium/magnes- 
ium-based antacids for pregnant women because of 
their safety profile. 14 These experts found that calcium- 
based antacids had the added benefit of increasing 
calcium supplementation to prevent the hypertension 
and pre-eclampsia associated with pregnancy. In addi- 
tion, a large, randomized placebo-controlled trial found 
that magnesium sulphate supplementation reduces the 
risk of eclampsia by 50% compared with placebo, and 
may also reduce the risk of maternal death, with no 
serious short-term side-effects. 15 
Alginates form a strong, non-systemic barrier in the 
stomach, preventing reflux of acid and food into the 
oesophagus. They are usually combined with antacids 
and marketed under the general label of Gaviscon. 
Recently, a form of Gaviscon with less sodium per 
dose was studied in an open-label multicentre study 
in 150 pregnant women over 4 weeks. Overall, the 
investigator's and women's rating of efficacy was 
Very good* or 'good' in 88% and 90% of women, 
respectively, with most women (57%) reporting 
symptom relief within 10 min. 16 However, 10 adverse 
events were reported in 10 fetuses (three episodes of 
fetal distress) and others report that Gaviscon com- 
pounds containing magnesium trisilicate can cause 
fetal nephrolithiasis, hypotonia, respiratory distress 
and cardiovascular impairment if used long-term and 
at high doses. 11 

Antacids containing sodium bicarbonate should be 
avoided during pregnancy because they cause maternal 
or fetal metabolic alkalosis and fluid overload. Antacids 
should be taken at a different time than supplemental 
iron, because normal gastric acid facilitates the absorp- 
tion of iron. 



Sucralfate 

Sucralfate, an aluminium salt of a sulphated disacchar- 
ide, inhibits pepsin activity and protects against ulcers. 
It is poorly absorbed from the GI tract, exerting its 
mucosal protection through a local, rather than sys- 
temic action. Each gram of sucralfate contains 207 mg 
of aluminium. 16 The potential fetal toxicity of sucralfate 
relates to its aluminium content. 
Sucralfate is the only non-absorbable drug that has 
been studied in a randomized-controlled study during 
pregnancy. In an Italian study, 17 42 women were given 
sucralfate 1 g three times daily and compared with 24 
women given information on dietary and lifestyle 
modifications. Sucralfate-treated patients had a higher 
frequency of remission of heartburn and regurgitation 
symptoms at 1 month than controls (90% vs. 43% and 
83% vs. 27%, respectively). No maternal or fetal adverse 
events were reported. 

In several animal models, sucralfate did not affect fertility 
and was not teratogeneic with doses up to 50 times those 
used in humans. 16 Likewise, human fetal toxicity has not 
been reported. For example, in a surveillance study of 
229 101 pregnancies in Michigan Medicaid patients 
evaluated between 1985and 1992, 185 newborn babies 
were exposed to sucralfate in the first trimester. Five birth 
defects were observed, whereas eight were expected. 16 
Therefore, sucralfate is an FDA category B drug. 

Promotility drugs 

Metoclopramide. Metoclopramide, an antidopaminergic 
drug, improves GER by increasing LES pressure, improv- 
ing oesophageal acid clearance and promoting gastric 
emptying. Its major use in pregnancy is for the treatment 
of nausea and vomiting. Reproductive studies in animals 
in doses up to 250 times the recommended human dose 
reveal no evidence of impaired fertility or fetal toxicity. 18 
Congenital malformations or fetal toxicity because of 
metoclopramide have not been reported in humans. In 
the Michigan Medicaid Surveillance Study, 16 10 (5.2%) 
major birth defects were reported in 992 newborns 
exposed to metoclopramide during the first trimester 
(eight were expected). Metoclopramide is designated a 
category B drug during pregnancy. 

Cisapride. Cisapride promotes the release of acetylcho- 
line from the myenteric plexus, thereby increasing LES 
pressure, improving acid clearance and promoting 
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gastric emptying. The drug is toxic to the fetuses of rats 
and rabbits at doses 112 times the recommended 
human dose, resulting in lower birth weights and 
decreased survival. ] 9 

Human reports suggest cisapride is safe during preg- 
nancy. In a prospective, multicentre study, the outcome 
of 129 Canadian women who took cisapride during 
pregnancy between November 1996 and November 
1998 were compared with a control group. 20 The mean 
daily cisapride dose was 25 mg (range: 5-120) and the 
mean length of exposure was 4.6 weeks (range: 0.14- 
41). Most women took cisapride during the first 
trimester (88%). 3% of women took it throughout their 
pregnancy. Most women were also taking multiple 
other antireflux medications, including antacids. H 2 RAs 
and PPIs. Investigators found no differences in rates of 
major or minor congenital malformations in the 
cisapride group compared with the matched controls. 
In 1998. an observational cohort study described the 
outcome of 12 pregnancies in women taking cisapride 
during the first trimester in England. 21 The outcomes 
included two elective abortions, one lost to follow-up 
and 10 normal term babies. In two other cases, 
cisapride was taken during the second or third trimes- 
ters and healthy babies were born. 
Cisapride is designated a category C drug in pregnancy 
because of its toxicity in animals. In July 2000, Janssen 
Pharmaceutical removed cisapride from the market and 
it now is only available in a limited-access program. 
High cisapride blood levels, because of other drugs 
interfering with its metabolism by the cytochrome 
P-450 3A4 enzyme, caused serious cardiac arrhythmias 
in more than 400 cases, including 80 fatalities. 22 

Histamine 2 -receptor antagonists 

The H 2 RAs are the most commonly used and safest 
medications for the pregnant woman with heartburn 
not responding to lifestyle modification and non- 
absorbable medication. All four drugs (cimetidine, 
ranitidine, famotidine and nizatidine) are FDA approved 
category B drugs for pregnancy. 

Cimetidine and ranitidine. Cimetidine and ranitidine have 
had considerable use in pregnancy over the last 30 years 
with an excellent safety profile. Only ranitidine's efficacy 
has been specifically studied during pregnancy. In a 
double-blind, placebo-controlled, triple-crossover study, 
Larson et a/. 23 compared ranitidine once or twice daily 



with placebo in pregnant heartburn subjects not 
responding to antacids and lifestyle modification. 
Twenty women at least 20 weeks gestation were studied 
assessing symptom response and antacid use by daily 
diaries. In the 18 women completing the 4-week study, 
only ranitidine 150 mg b.d. reduced symptoms and 
antacid usage compared with baseline values (P < 
0.001) or with placebo (P< 0.001). The average 
heartburn reduction was 55.6% (95% CI: 34.8-76.5) 
compared with baseline and 44.2% (95% CI: 15.4-72.9) 
when compared with placebo. No adverse pregnancy 
outcomes or drug reactions were noted. 
In animal studies, cimetidine has a weak antiandrogenic 
effect in animals, as evidenced by a reduction of the size of 
testes, prostate glands and seminal vesicles. 24 Ranitidine 
has no antiandrogenic activity in animals. 25 Neither 
H 2 RA has reports of human sexual defects in infants. 
To date, the safety of cimetidine and ranitidine has been 
assessed in over 2000 pregnancies in database studies 
not sponsored by the manufacturers. In the surveillance 
study of 229 101 pregnancies in the Michigan Medicaid 
recipients between 1985 and 1992. 16 460 newborns 
were exposed to cimetidine and 560 newborns were 
exposed to ranitidine during the first trimester. Twenty 
(4.3%) major birth defects were observed with cimeti- 
dine and 23 (4.5%) with ranitidine, a rate similar (4.3%) 
to that reported in women taking no medications during 
their pregnancies. In a 1996 prospective cohort study. 
178 women exposed during pregnancy to H 2 RAs were 
matched with 178 women with no exposure with 
similar maternal age. smoking and alcohol history. 26 
Among these subjects, 71% took ranitidine, 16% 
cimetidine. 8% famotidine and 5% nizatidine. The 
outcomes of both groups were similar in terms of live 
births, spontaneous or elective abortions, gestational age 
at delivery, birth weight or major malformation. The 
latter rate was 2.1% in subjects exposed to H 2 RAs vs. 
3.0% in the non-exposed cohorts. 
The Swedish Medical Birth Registry in 1998 reported 
on 553 babies delivered by 547 women using various 
acid-suppressing medications in early pregnancy. 27 
Seventeen infants had congenital defects (3.1%, 95% 
CI: 1.8-4.9) compared with the expected rate of 3.9% in 
the Registry among women not taking any medications. 
Of the 17 infants. 10 had been exposed to PPIs. six to 
H 2 RAs and one to both class of drugs. Two birth defects 
(5.7%) in 35 infants exposed to cimetidine and six 
defects (3.8%) in 156 infants exposed to ranitidine were 
reported. Overall, the odds ratio for malformations after 
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H 2 RAs was 0.46 (95% CI: 0.17-1.20) in contrast to 
0.91 (95% CI: 0.45-1.84) for infants exposed to PPIs, 
early during pregnancy. Finally, two databases, one 
from England and another from Italy, were combined in 
a study published in 1999, which compared the 
incidence of congenital malformations in infants and 
women receiving cimetidine, ranitidine or omeprazole 
during the first trimester of pregnancy with unexposed 
control women. 28 The relative risk of malformation 
(adjusted for maternal age and prematurity) were 
similar among all three drugs: cimetidine (1.3%, 95% 
CI: 0.7-2.6), ranitidine 1.5 (95% CI: 0.9-2.6) and 
omeprazole 0.9 (95% CI: 0.4-2.4). 
In summary, cimetidine and ranitidine have not been 
associated with an increased risk of congenital malfor- 
mations. Ranitidine is the only H 2 RA with documented 
efficacy in pregnancy. Some authorities have recom- 
mended that cimetidine not be used during pregnancy 
because of possible feminization as observed in some 
animals and non-pregnant humans. 29 

Famotidine and nizatidine. There are much less reported 
safety data with these latter H 2 RAs than cimetidine and 
ranitidine. Animal studies with famotidine revealed no 
fetal toxicity or teratogenicity. 30 However, pregnant 
rabbits with the equivalent of 300 times the recom- 
mended human dose of nizatidine encountered abor- 
tions, low fetal weights and fewer live fetuses. 33 On the 
contrary, rat studies found no adverse effects on the 
fetal pups. 32 

In the Michigan Medicaid Surveillance Study, 16 two 
(6.1%) of 33 fetuses exposed to famotidine during the 
first trimester of pregnancy developed major birth 
defects compared with the expected prevalence of one. 
The small size was too small to draw firm conclusions, 
however. With nizatidine there is only a single case 
report of a woman delivering a healthy baby after 
taking the drug during 14-16 weeks of gestation. 16 
Although few reports are available, famotidine appears 
safe during pregnancy. Although nizatidine was previ- 
ously classified as category C, the FDA recently 
reclassified it as a category B drug. However, the 
conflicting animal data are troublesome and suggest 
that other H 2 RAs may be safer during pregnancy. 

Proton-pump inhibitors 

Proton-pump inhibitors are the most effective drug 
therapy for symptom control and healing of oesopha- 




Figure 1. The pyramid of medical therapy for gastroesophageal 
reflux disease (GERD) in the pregnant woman with heartburn. 
Unlike the non-pregnant patient, step-up therapy is preferred and 
proton-pump inhibitors (PPIs) reserved for the women with well- 
defined complicated GERD not responding to lifestyle changes, 
antacids or histamine 2 -receptor antagonists (H 2 RAs). 

gitis. The PPIs have not been as extensively used in 
pregnancy as the H 2 RAs, or is their efficacy proven in 
pregnancy, and the data about total safety are more 
limited. Omeprazole is categorized as a class C drug by 
the FDA because of fetal toxicity. The other PPIs are 
categorized as class B drugs. However, unlike the non- 
pregnant heartburn patient, PPIs should only be used 
during pregnancy in women with well-defined compli- 
cated GERD, not responding to lifestyle changes, 
antacids and H 2 RAs (Figure 1). 

Omeprazole. Omeprazole, the first of the PPIs, is classi- 
fied as a class C drug in pregnancy because at doses 
similar to those used in humans, omeprazole produced 
dose-related embryonic and fetal mortality in pregnant 
rate and rabbits. 33 No teratogenicity was observed. 
The FDA has received reports of at least 12 birth 
defects in pregnant women exposed to omeprazole, 
including anencephaly and hydroencephaly. 16 How- 
ever, other case reports 34 and small case series 21 ' 35 
have found no infant congenital malformations in 
mothers taking 20-60 mg omeprazole/day. even in 
the first trimester of pregnancy. 
A recent meta-analysis assessed the risks of congenital 
fetal malformations in women using PPIs in the first 
trimester of pregnancy. 36 Five studies met the inclusion 
criteria, all were cohort studies ascertaining pregnancy 
outcomes with either registry linkage 27 ' 28 - 37 or by 
direct interview with the mother. 36 ' 38 A total of 593 
infants were exposed to PPIs, most (534) received 
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Figure 2. Individual and summary relative 
risk for studies including all prolon-pump 
inhibitor exposures (from Ref.. 36 with per- 
mission). 
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omeprazole. The summary relative risk for all major 
malformations among any PPI exposure was 1.18 (95% 
CI: 0.72-1.94), a non-significant relative risk (P = 0.7). 
For the four studies where data for only omeprazole 
could be extracted (Figure 2), the summary relative risk 
was 1.05 (95% CI: 0.59-1.85). also indicating a non- 
significant relative risk for malformations. 
Although the weight of evidence suggests omeprazole 
is safe in pregnancy, the FDA has not changed its class 
C rating. With the advent of newer PPIs. especially 
esomeprazole, omeprazole is currently infrequently 
prescribed. However, the drug is now over-the-counter 
at a 20 mg dose and cheaper than prescription PPIs. 

Lansoprazole. Animal studies using doses of lansoprazole 
up to 40 times the recommended human dose have 
found no evidence of impaired fertility or fetal toxicity. 39 
Human data on the safety of lansoprazole in pregnancy 
are more limited. In one non-observational cohort 
study, 2 1 six pregnant patients taking lansoprazole during 
the first trimester delivered seven healthy newborns. 
Lansoprazole was the only acid-suppressing drug expo- 
sure in 13 infants reported to the Swedish Medical Birth 
Registry. 27 Two birth defects were observed: one atrial 
septal defect and one undescended testes. In a Danish 
study published in 1999. 37 38 patients had taken PPIs 
during the first trimester of pregnancy (35 omeprazole, 
three lansoprazole). The prevalence of major birth 
defects, low birth weight and prematurity were no 
different than in pregnant controls not receiving any 
medications. In a study published this year, 40 295 
pregnancies exposed to omeprazole. 62 to lansoprazole 
and 53 to pantoprazole were compared with 868 
pregnant controls for the development of congenital 
abnormalities. As with other studies, the rate of congen- 
ital abnormalities did not differ between the exposed and 
control groups: omeprazole nine of 249 (3.6%). lanso- 
prazole two of 51 (3.9%) and pantoprazole one of 48 
(2.1%) vs. controls 30 of 792 (3.8%). No differences were 
found when exposure was limited to the first trimester. 
The lack of teratogenicity in animals is reassuring, 
accounting for the FDA class C risk category for 



lansoprazole use during pregnancy. However, the data 
on safety in human pregnancies are limited and 
avoidance of this PPI and all PPIs, especially during 
the first trimester, is the safest course. If lansoprazole is 
required, or if inadvertent exposure occurs early in 
gestation, the fetal risk seems to be low. 

Newer PPIs 

Based on product information from the individual 
manufacturers, the newer PPIs (rabeprazole, panto- 
prazole and esomeprazole) have been shown safe in 
various animal studies. No reports describing the use of 
these newer PPIs during human pregnancies are 
available. 16 



SAFETY OF MEDICAL TREATMENTS FOR GERD 
DURING LACTATION 



The heartburn of pregnancy typically resolves shortly 
after delivery, although some women still experience 
symptoms postpartum requiring treatment. All systemic 
antireflux medications are excreted in breast milk and 
could harm the infant. Therapeutic options must be 
explained and discussed with women who require 
treatment but who want to breastfeed. 
Drug safety during lactation has been assessed in 
animal studies and human case reports (Table 3). 
Aluminium and magnesium hydroxide antacids are 
not concentrated in breast milk and, thus, are safe 
during lactation. Neither Gaviscon nor sucralfate have 
been studied during lactation, but are presumed safe 
because of limited maternal absorption. 
All H 2 RAs are excreted in human breast milk. 
Cimetidine and ranitidine reach concentrations in 
breast milk four to seven times the doses present in 
maternal serum. 4 ' In contrast, famotidine only reaches 
a mean milk:plasma concentration of 1.78. 6 h after 
ingestions. 42 Small amounts of nizatidine are excreted 
into human breast milk. 43 In the only animal studies 
assessing H 2 RA safety during lactation, pups reared by 
iactating rats ingesting nizatidine experienced growth 
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Table 3. Safety of GERD medications during lactation 



Drugs 



Safety Comments 



Antacids 
Sucralfate 



Yes 
Yes 



H 2 RA 
CimeUdine Yes 



Ranitidine Yes 

Famotidine Yes 

Nizatidine No 

Proton-pump No 
inhibitors 



Not concentrated in breast milk 
Minimal, if any. excretion 
in breast milk 

American Academy of Pediatrics 
classified as compatible with 
breast feeding 
Excreted in breast milk in 
concentrations similar to cimeUdine 
Lowest concentrations in breast 
milk of all H 2 RAs 
Growth depression in pups of 
lactaUng rats 
Utile known of excretion in breast milk. 
Growth depression in pups of lactating 
rats receiving omeprazole and 
rabeprazole 



GERD. gastroesophageal reflux disease; H 2 RA, histamine 2 -receptor 
antagonist. 



retardation. 44 The effects of H 2 RAs in breast milk on the 
nursing human infant are unknown. In 1994. the 
American Academy of Pediatrics classified cimetidine as 
compatible with breast feeding. 45 The present review 
also suggests that ranitidine and famotidine are safe and 
the latter H 2 RA may be preferred because of the lower 
concentration in human breast milk. Nizatidine should 
be avoided in the breast feeding mother because of the 
single animal study. 44 

Little is known about PPI excretion in breast milk or 
infant safety in lactating women. PPIs probably are 
excreted in human milk, because of their relatively low- 
molecular weight. This was confirmed in the only report 
of PPI use during breast feeding. 46 During the day, the 
patient fed her infant son just before taking omeprazole 
at 8:00 am, refraining from nursing for 4 h, and then 
expressed and discarded her breast milk at noon. At 
3 weeks postpartum, blood and milk samples were 
obtained at 8:00 am, and then every 30 min for 4 h. 
Breast milk levels of omeprazole began to rise at 
9:30 am and peaked at 11:00 am at 58 mM, consider- 
ably lower value than simultaneous maternal level of 
950 mM. The infant was doing well at 1 year. However, 
rats administered omeprazole at 35-345 times and 
rabenprazole at a dose of 195 times the recommended 
human dose during late pregnancy and lactation had 
decreased body weight gain of their pups. 33, 47 There- 
fore, PPIs are not recommended for use by lactating 



mothers. Women with severe GERD symptoms can 
either take PPIs and discontinue nursing or use a GERD 
medication (i.e. H 2 RA) from another class. 



CONCLUSION 

Heartburn is a normal consequence of pregnancy, 
occurring in nearly two-thirds of women. The predom- 
inant cause is a decrease in LES pressure caused by 
female sex hormones, especially progesterone. Serious 
reflux complications (i.e. oesophagitis) during preg- 
nancy are uncommon; therefore upper endoscopy and 
other diagnostic tests are usually not needed. Sympto- 
matic GERD during pregnancy should be managed with 
a step-up algorithm beginning with lifestyle modifica- 
tions and dietary changes (Figure 1). Antacids or 
sucralfate are considered the first-line medical therapy. 
If symptoms persist, any of the H 2 RAs can be used. 
Proton-pump inhibitors are reserved for women with 
intractable symptoms or complicated reflux disease. All 
but omeprazole are FDA category B drugs during 
pregnancy. Most drugs are excreted in breast milk. Of 
the systemic agents, only the H 2 RAs, with the exception 
of nizatidine, are safe to use during lactation. 

ACKNOWLEDGEMENT 

Thanks to Liz Koniz for excellent secretarial assistance. 
No external funding was received for this study. 

REFERENCES 

1 Richter JE. Gastroesophageal reflux disease during pregnancy. 
Gastroenterol Clin North Am 2003: 32: 235-61. 

2 deCastro LP. Reflux esophagiUs as the cause of heartburn in 
pregnancy. Am J Obstet Gynecol 1967: 98: 1-10. 

3 Marrero JM. Goggins PM. de Caestecker JS. et al Determinants 
of pregnancy heartburn. Br J Obstet Gynaecol 1992- 99* 
731-4. 

4 Fisher RS. Robert GS, Grabowski CJ. Hal Altered lower 
esophageal sphincter funcUon during early pregnancy. 
Gastroenterology 1978; 74: 1233-7. 

5 VanThiel DH. Gavaler JS. Joshi SN, etal Heartburn of 
pregnancy. Gastroenterology 1977; 72: 668-78. 

6 Klauser AG. Schindlbeck NE. Muller-Lissner SA. Symptoms in 
gastroesophageal reflux disease. Lancet 1990; 335: 265-8. 

7 Capell MS. Colon VJ. Sidhom OA. A study of eight medical 
centers on the safety and efficacy of EGD in 83 pregnant 
females with follow up of fetal outcomes and with comparison 
to control groups. Am J Gastroenterol 1996: 91: 348-54. 

8 ASGE Guideline. Guideline for endoscopy in pregnant and 
lactating women. Gastrointest Endosc 2005; 61: 357-62. 



© 2005 Blackwell Publishing Ltd. Alimtnl Pharmacol Ther 22. 749-757 



REVIEW: MANAGEMENT OF HeTrTBURN IN PREGNANCY 



757 



9 Broussard SN, Richter JE. Treating gastroesophageal reflux 
disease during pregnancy and lactation. What are the safest 
therapy options? Drug Saf 1998; 4: 325-7. 

10 Niebyl JR. Teratology and drug use during pregnancy and 
lactation. In: Scott. JR. Isaia, PD. Hammond. C. eds. Danforth's 
Obstetrics and Gynecology. 7th edn. Philadelphia, USA- WB 
Saunders. 1994:225-44. 

11 Lewis JH, Weingold AB, The committee on FDA-related 
matters for the American College of Gastroenterology. The 
use of gastrointestinal drugs during pregnancy and lactation. 
Am J Gastroenterol 1985: 80: 912-23. 

12 Ching C. Lam S. Antacids: indications and limitations Drues 
1994:47:305-17. 

13 Witten FP, King TM. Blake 0. The effects of chronic 
gastrointestinal medications on the fetus and neonate. 
Obstet Gynecol 1981: 58 (Suppl. 5): 79-84. 

14 Tytgat GN. Heading RC. MuUer-Lissner S. et al. Contemporary 
understanding and management of reflux and constipation in 
the general population and pregnancy: a consensus meeting. 
Aliment Pharmacol Ther 2003: 18: 291-301. 

15 Lindow SW. Regnell P. Sykes J. Little S. An open-label multi- 
center study to assess the safely and efficacy of a novel reflux 
supplement (Gaviscon advance) in the treatment of heartburn 
of pregnancy. Int J Clin Pracl 2003: 57: 175-9. 

16 Briggs GG. Freeman RY. YalTe SJ. Drugs in Pregnancy and 
Lactation: A Reference Guide to Fetal and Neonatal Risk. 
Baltimore. USA: William and Wilkins. 2002. 

1 7 Ranchet G. Gangemi 0. Petrone M. Sucralfate in the treatment 
of gravid pyrosis. G Ital Obstet Ginecol 1990: 12: 1-16. 

18 Berkovich M, Elbirl D. Addis A. et al Fetal effects of 
metoclopramide therapy for nausea and vomiting of 
pregnancy. N Engl J Med 2000: 343: 445-6. 

19 Propulsid (product information). Titusville. NJ. USA: Janssen 
Pharmaceutical, 2000. 

20 Bailey B, Addis A. Lee A. ct al. Cisapride use during human 
pregnancy. A prospective controlled multi-center study Dig 
DisSci 1997:42:1848-52. 

21 Wilton LV. Pearce GL. Martin RM. et al The outcomes of 
pregnancy in women exposed to newly marketed drugs in 
general practice in England. Br J Obstet Gynaecol 1998* 105- 
882-9. 

22 Wysowski DK. Corken A. Gallo-Torres A. et al Post-marketing 
reports of QT prolongation and ventricular arrhythmias in 
association with cisapride and FDA regulatory actions. Am J 
Gastroenterol 2001; 96: 1689-703. 

23 Larson JD. Patatanian E. Miner PB. et al. Double-blind, placebo- 
controUed study of ranitidine for gastroesophageal reflux 
symptoms during pregnancy. Obstet Gynecol 1997: 90: 83-7. 

24 Finkelstein W. Isselbacker KJ. Cimetidine. N Engl J Med 1978- 
229:992-6. 

25 Parker S. Schade RR. Pohl CR. et al. Prenatal and neonatal 
exposure of male pups to cimetidine but not ranitidine 
adversely affects subsequent adult sexual function. 
Gastroenterology 1984: 86: 675-80. 

26 Magee LA. Inocencian G, Kambojt R. el al Safety of first 
trimester exposure to histamine H 2 blockers. A prospective 
cohort study. Dig Dis Sci 1996: 41: 1145-9. 



27 Kalle B. Delivery outcomes after the use of acid-suppressing 
drugs in early pregnancy with special reference to omeprazole 
Br J Obstet Gynaecol 1998: 105: 877-83. 

28 Ruigomez A, Rodriguez LAG, Cattaruzzi C. et al. Use of 
cimetidine. omeprazole and ranitidine in pregnant women 
and pregnancy outcomes. Am J Epidemiol 1999; 150: 476-81 

29 Smallwood RA. Berlin RG. Catagnoli N. el al Safety of acid 
suppressing drugs. Dig Dis Sci 1995; 40 (Suppl.): 635-8 

30 Savarino V. Giasti M. Scalabrini P, et al. Famotidine has no 
significant effect on gonadal function in men. Gastroenterol 
Clin Biol 1988: 12: 19-22. 

31 Morton DM. Pharmacology and toxicity of nizatidine. Scand J 
Gastroenterol 1987; 22 (Suppl. 136): 1-8. 

32 Neubauer BL. Goode RL, Bert KK, et al. Endocrine effects of a 
new histamine H 2 receptor antagonist, nizatidine, in the male 
rat. Toxicol Appl Pharmacol 1990: 102: 219-32. 

33 Prilosec (product information). Wilmington. DE. USA: Astra- 
Zeneca, 2004. 

34 Harper MA. McVeigh JE. Thompson W. et al. Successful 
pregnancy in association with Zoliinger-Ellison syndrome Am 
J Obstet Gynecol 1995; 173: 863-4. 

35 Brunner G. Meyer H. Athmann C. Omeprazole for peptic ulcer 
disease in pregnancy. Digestion 1998; 59: 651-4 

36 Nikfar S. Abdollahi M, Moretti ME. et al Use of proton pump 
inhibitors during pregnancy and rales of major malformations. 
A meta-analysis. Dig Dis Sci 2002: 4 7: 1 526-9. 

37 Nielsen GL. Sorensen HT, Thulctrup AM, el al The safety of 
proton pump inhibitors in pregnancy. Aliment Pharmacol 
Ther 1999; 13: 1085-9. 

38 Larkin A. Loebstein R, Addis A. et al. The safety of omeprazole 
during pregnancy: a multicenter prospective controlled study 
group. Am ] Obstet Gynecol 1998; 179: 727-30. 

39 Prevacid (product information). Lake Forest. IL, USA: TAP 
Pharmaceutical. 2005. 

40 Diav-Citrin 0. Arnon J, Shechtman S. et al. The safety of 
proton pump inhibitors in pregnancy: a multicenter 
prospective controlled study. Aliment Pharmacol Ther 2005- 
21: 269-75. 

41 Somogyi A. Gugler R. Cimetidine excretion in breast milk. Br J 
Clin Pharmacol 1979: 7: 627-9. 

42 Courtney TP. Shaw RW, Cedar E, el al Excretion of famotidine 
in breast milk. Br J Clin Pharmacol 1988: 26: 639. 

43 Obermeyer BD. Bergstrom PF. Gallagher JT. et al Secretion of 
nizatidine into human breast milk after single and multiple 
doses. Clin Pharmacol Ther 1990; 47: 724-30. 

44 Physician's Desk Reference. 58th edn. Montvale. NJ, USA: 
Medical Economics, 2002. 

45 Committee on Drugs. American Academy of Pediatrics. The 
transfer of drugs and other chemicals into human milk 
Pediatrics 1994; 93: 137-50. 

46 Marshall JK. Thompson ABR, Armstrong D. Omeprazole for 
refractory gastroesophageal reflux disease during pregnancy 
and lactation. Can J Gastroenterol 1998; 12: 225-7. 

47 Rabeprazole (product information). Teaneck. NJ, USA: Eisai 
2004. 



© 2005 Biackweli Publishing Ltd. Aliment Pharmacol Ther 22, 749-757 



d2) United States Patent 

McGrew et al. 



m 

US006949264B1 

(io) Patent No.: US 6,949,264 Bl 
(45) Date of Patent: Sep. 27, 2005 



(54) NUTRACEUTICALS OR NUTRITIONAL 

SUPPLEMENTS AND METHOD OF MAKING 

(75) Inventors: Gordon N. McGrew, Evanston, IL 
(US); David G. Barkalow, Deerfield, 
IL (US); Sonya S. Johnson, LaGrange 
Highlands, IL (US); David W. Record, 
River Forest, IL(US); Mansukh M. 
Patel, Downers Grove, IL (US); Jack 

D. Nimz, Wauconda, IL (US); Steven 

E. Zibell, Tinley Park, IL (US); Robert 
J. Yatka, Orland Park, IL (US); 
Michael J. Greenberg, Norlhbrook, IL 
(US); Rebecca A. Aumann, Chicago, 
IL (US); Daniel J. Zyck, North 
Riverside, IL (US); Daniel J. Sitler, 
Woodridge, IL (US); Jeffrey S. Hook, 
Lockport, IL (US); James R. Maxwell, 
Chicago, IL (US); Michael A. Reed, 
MerriUville, IN (US); Victor V. Gudas, 
Oak Lawn, IL (US); Philip G. Schneil, 
Downers Grove, IL (US); Henry T. 
lyrpin, Palos Park, IL(US); Michael 
P. Russell, Evergreen Park, IL (US); 
David L. Wltkewltz, Bridgeview, IL 
(US); Joo H. Song, Chicago, IL (US); 
Donald J. Townsend, Moores Hill, IN 
(US); Donald A. Seielstad, Frankfurt, 
IL (US); Ronald L. Ream, Piano, IL 
(US); Christine L, Corriveau, Orland 
Park, IL (US); William J. Wokas, 
Bolingbrook, IL (US); Thomas M. 
Tongue, Joliet, IL (US) 

(73) Assignee: Wm. Wrigley Jr. Company, Chicago, 
IL(US) * 

( • ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C, 154(b) by 0 days. 

(21) Appl. No.: 09/621,780 

(22) Filed: Jul. 21,2000 

Related U.S. Application Data 

(63) Continuation of application No. PCTAJS99/29792, filed on 
Dec. 14, 1999, which is a continuation-in-part of application 
No. 09/389,21 1, filed on Sep. 2, 1999, now abandoned, and 
a continuation-in-part of application No. 09/286^18, 'filed u 
on Apr. 6, 1999, and a continuation-in-part of application 
No. 09/308,972, filed as application No. PCT/US96/18977 
on Nov. 27, 1996, now Pat. No. 6,165,516. 

(60) Provisional application No. 60/112369, filed on Dec 15 
1998. 

(51) Int. CI. 7 A23G 3/30; A61K 9/68 

(52) U.S. CI 426/3; 424/48; 424/440;- 

426/5 

(58) Field of Search 426/3, 5, 6; 424/48, 

424/440 

(56) References Cited 

U.S. PATENT DOCUMENTS 



1,629,461 A 5/1927 Berg et al. 
2,892,753 A 6/1959 Schmidt 
2,990,328 A 6/1961 Lincoln 

3,011,949 A 12/1961 Bilotti 
3,029,189 A 4/1962 Hardy el al 
3,047,461 A 7/1962 Hardy el al. 
3,075,884 A 1/1963 Bilotti et al. 
3,196,172 A 7/1965 Wright, Jr. el al 
3,308,022 A 3/1967 Cummings et al. 
3,498,964 A 3/1970 Hayashi 
3,554,767 A 1/1971 Daum 
3,590,057 A 6/1971 Susulci el al 

3,845,217 A 10/1974 Femo et al 426/3 

3,877,468 A 4/1975 Uchtneckert el al .' ' 131/2 

3,901,248 A 8/1975 Uchtneckert et al 131/2 

3,995,064 A 11/1976 Ehrgott et al 426/3 

4,154,814 A 5/1979 Hand et al 

4,238,475 A 12/1980 Witeel et al . . 424/48 

4,238,510 A 12/1980 Qerukuri et al 426/5 

4,250,195 A 2/1981 acrukuri etal. 

4,283,408 A 8/1981 Hirata el al 424/270 

4,317,838 A 3/1982 Qerukuri et a) 426/5 

4,374,858 A 2/1983 Glass ct al. 

4,378,374 A 3/1983 Reggio el al. 

(Continued) 

FOREIGN PATENT DOCUMENTS 

DE 43 42 568 Al 6/1994 

EP 0 202 819 A2 11/1986 

EP 0 217 109 A2 4/1987 

EP 0 221 850 5/1987 

EP 0 239 541 A2 9/1987 

(Continued) 

OTHER PUBLICATIONS 

Brochure for "Minerals Technologies Specialty Minerals". 
1998, 19 pages. 

Akitoshi et al., Abstract "Acceleration of Transdermal 
Absorption of Pharmaceuticals by Essential Oils and 
Organic Solvents," Chem. Abst., 112:1252281, 1990. 

(Continued) 

Primary Examiner— Arthur L Corbin 

(74) Attorney, Agent t or FirmSitvtn P. Snurtz; Brinks 

Hofer Gilson & Lione 

(57) ABSTRACT 

A method for producing a chewing gum with a controDed 
release active agent, as well as the chewing gum so 
produced, is obtained by physically modifying the release 
properties of the active agent, such as a nutraceutical or 
outritional supplement, by coating and drying. The active 
agent is coated by encapsulation, partially coated by 
agglomeration, entrapped by absorption, or treated by mul- 
tiple steps of encapsulation, agglomeration, and absorption. 
The coated active agent is preferably then coined and 
particle sized to produce a release-modified active agent for 
use in chewing gum. The active agent may also be used in 
a coaling on a chewing gum product, as pan of a rolling 
compound applied to the chewing gum product, or as a part 
of the liquid in a liquid-center chewing gum product. 



1,298,670 A 4/1919 Cramer 



42 Claims, No Drawings 



US 6,949,264 Bl 

Page 2 



U.S. PATENT DOCUMENTS 

4,386,063 A 5/1983 Bodcn 

4,386,106 A 5/1983 MerriU et al. 

4,400,372 A 8/1983 Muhkcr et a]. 

4,446,135 A 5/1984 Founiaine 424/154 

4,452,821 A 6/1984 Gcrgely 426/5 

4,459,311 A 7/1984 DcTora et al 426/3 

4,474,749 A 10/1984 Kruppa 

4,512,968 A 4/1985 Komiyama cl al 424/48 

4,533,556 A 8/1985 Piccolo cl a). 

4,555,407 A 11/1985 Kramer et al 426/5 

4,563,345 A 1/1986 Arriclc 

4,639,368 A 1/1987 Niazi et al 424/48 

4,647,450 A 3/1987 Peters el a!. 

4,711,774 A 12/1987 Denick, Jr. et al 424/48 

4,716,033 A 12/1987 Denick, Jr. 424/48 

4,737,366 A 4/1988 Gergely et al 426/5 

4,753,800 A 6/1988 Mozda 

4,753,805 A 6/1988 Cherukuri et al 426/5 

4,755,389 A 7/1988 Jooes et ah 

4,758,424 A 7/1988 Denick, Jr. et al 424/48 

4,822,597 A 4/1989 Faust et al. 

4,822,816 A 4/1989 Markham 

4,828,820 A 5/1989 Glass ct al. 

4,832,994 A 5/1989 Fey 

4,835,162 A 5/1989 Abood 

4,849,227 A 7/1989 Cho 

4,853,212 A 8/1989 Faust et al. 

4,867,989 A 9/1989 Stlva et al. 

4,882,152 A 11/1989 Yang et al 424/440 

4,89434 A 1/1990 Sharma el al 424/440 

4.908.211 A 3/1990 Paz 

4.908.212 A 3/1990 Kwon el al. 
4,929,447 A 5/1990 Yang 

4,929,508 A 5/1990 Sharma el al 424/439 

4,933,184 A 6/1990 Tsuk 

4,935,242 A 6/1990 Sharma et al 424/439 

4,938,963 A 7/1990 Pamell 

4,944,949 A 7/1990 Story el al. 

4,963,369 A 10/1990 Song et al 426/5 

4,968,511 A 11/1990 D'Amelia cl al 426/6 

4,968,716 A 11/1990 Markham 

4,971,079 A 11/1990 Talapin et al 131/359 

4,971,787 A 11/1990 Cherukuri et al 424/48 

4,971,806 A • 11/1990 Cherukuri 426/5 

4,975,270 A 12/1990 Kehoe 424/48 

4,978,537 A 12/1990 Song 426/5 

4,997,659 A 3/1991 Yatka et al 426/3 

5,013,716 A 5/1991 Cherukuri ct al 514/23 

5,015,464 A 5/1991 Strobridge 

5,045325 A 9/1991 Lesko el al 426/5 

5,070,085 A 12/1991 Markham 

5,110,608 A 5/1992 Cherukuri 

5,124,156 A 671992 Shibata el al. 

5,126,151 A 6/1992 Bodor ct al. 

5,139,787 A 8/1992 Broderick cl al. 

5,139,794 A 8/1992 Paid el al. 

5,154,927 A 10/1992 Song et al. 

5,156,842 A 1Q/1992 Mulligan 

5,179,122 A 1/1993 Greene et al. 

5,182,099 A 1/1993 Jonsson el al. 

5,229,137 A 7/1993 Wolfe 424/687 

5,244,670 A 9/1993 Upson el al 424/439 

5,284,657 A 2/1994 Lu et al. 

5,286,500 A 2/1994 Synosky el al 426/3 

5,294,433 A 3/1994 Singer el al. 

5,294,449 A 3/1994 Grecnbcrg 

5,340,566 A 8/1994 Curtis et al. 

5,378,131 A 1/1995 Grecnbcrg 

5,380,530 A 1/1995 Hill 

5,380,535 A 1/1995 Geyer et al. 



A 
A 
A 
A 
A 
A 
A 



5,397,580 A 
5,410,028 A 
5,419,919 A 

5.425.961 A 
5,431,929 A 
5,433,960 A 
5,445,834 A 
5,455,286 A 
5,456,677 A 
5,487,902 A 

5.488.962 A 
5,494,685 A 
5,496,541 
5,512,306 
5,523,097 
5,534,272 
5,536,511 
5,543,160 
5,554,380 
5,569,477 A 
5,571,528 A 
5,571,543 A 
5,576,344 A 
5,578,336 A 
5,580,590 A 
5,582,855 A 
5,585,110 A 
5,593,685 A 
5,601,858 A 
5,605,698 A 
5,607,697 A 
5,618,517 A 

5.628.986 A 
5,629,013 A 
5,629,026 A 
5,629,035 A 
5,645,853 A 

5.651.987 A 
5,656,652 A 
5,665,386 A 
5,665,406 A 
5,667,802 
5,693,334 
5,698,215 
5,702,687 
5,711,961 
5,716,928 
5,736,175 
5,744,164 
5,75335 
5,756,074 
5,800,847 
5,824^1 
5,834,002 
5,846,557 A 
5,85437 A 
5,858,383 A 

5.858.412 A 

5.858.413 A 
5,858,423 A 
5,866,179 A 
5,877,173 A 
5,882,702 A 

5.889.028 A 

5.889.029 A 
5,897,891 A 
5,90030 A 
5,912,007 A 

5.912.030 A 
5,916,606 A 
5,922,346 A 



A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



3/1995 Song el al 426/5 

4/1995 Asamietal. 

5/1995 Songclal 426/5 

* 6/1995 Yalkaelal 426/3 

• 7/1995 Yalka el al 426/3 

7/1995 Meyers 426/5 

8/1995 Burger el al. 

10/1995 Amidonetal. 

10/1995 Spector 604/290 

1/1996 AnderscD et al 426/3 

2/1996 Perfetti 

2/1996 Tyrpin ct al 426/5 

3/1996 Cutler 
4/1996 Carlsson et aJ. 

6/1996 Songetal 426/3 

7/1996 Bernstein 
7A996 Yalka 

8/1996 Songeial 426/3 

9/1996 Cucaetal. 

10/1996 Nesbitt 426/5 

11/1996 Leeetal. 

11/1996 Songetal 426/5 

11/1996 Sandler cl al 514/427 

• 11/1996 Monte 426/72 

12/1996 Hartman 426/3 

12/1996 Cherukuri et al 426/5 

12/1996 KalUietal. 

1/1997 Byeetal. 

2/1997 Manshukhani 

2/1997 Ueno 

3/1997 Alkire et al 424/495 

4/1997 Miskewitz 
5/1997 Sankeretal. 

5/1997 Upson cl al 424/441 

5/1997 Davis 424/686 

5/1997 Miskewitz 

7/1997 Winston et al. 

7/1997 Fuisz 424/488 

8/1997 Davis 514/400 

9/1997 Bcnelctal. 

9/1997 Rtedetal. 

9/1997 Grimberg 
12/1997 Miskewitz 
12/1997 KaliU ct al. 
12/1997 Miskewitz 

1/1998 Reiner et al 424/441 

2/1998 Beneietal. 
4/1998 Ceaetal. 
4/1998 Chiuffard ct al. 
5/1998 Chavkinetal. 
5/1998 Ascioneetal. 

9/1998 Songetal 426/3 

10/1998 Howard 

11/1998 Athanikar 424/440 

12/1998 Eisenstadl et al. 

12/1998 Berlin et al 514/370 

1/1999 Precopio 424/405 

1/1999 SUaiforth ct al 424/489 

1/1999 Jetlka et al 424/682 

1/1999 Yajima el al 426/7 

2/1999 Testa 435/3 

3/1999 Olneyclal 514/217 

3/1999 Abdel-Malik et al. 

3/1999 Sandborn et al 514/343 

3/1999 Rolf 514/343 

4/1999 Godfrey 426/74 

5/1999 Cutler 

6/1999 Pan et al 424/440 

6/1999 Huiiinec et al. 

6/1999 Record etal 426/3 

7/1999 Hers* 



US 6,949,264 Bl 

Page 3 



5,922,347 A 7/1999 Hauslcr el al 424/441 

5,928,664 A 7/1999 Yang et al 424/440 

5,958,380 A 9/1999 Winston cl al. 

5,958,472 A 9/1999 Robinson el al. 

5,980,955 A 11/1999 Greeobeig tt a] 42675 

5,989,588 A 11/1999 Koro et al 424/465 

6,024,988 A 2/2000 Ream el al 426/3 

6,066,342 A 5/2000 Gurol cl al 424/637 

6,077,524 A 6/2000 Bolder el al. 

6,090,412 A 7/2000 Hashimoto el a] 424/490 

6,165,516 A 12/2000 Gudas et al. 

6,200,604 Bl 3/2001 Palher el al. 

6,290,985 B2 9/2001 Ream el al. 



FOREIGN PATENT DOCUMENTS 



EP 


u £. i j ouy d l 


1*7/1 QC7 


EP 


0 371 584 A3 


ft/1 00/1 


PR 


2 345 938 


in/1077 


FR 


2 635 441 


3/1 OQfi 


FR 


2 706 771 


ft/1 00"? 


GB 




O/t OA*? 

o/iyoj 


GB 


0 063 SIR 


7/1 0&4 


GB 


1 489 832 


in/i 077 


GB 


i lOl U*tO M 


yo/ 


IT 


01273487 


7/1007 

''177/ 


IT 


01 203ft SS 


**/1 ooo 
j/iyyy 


JP 


86-242561 

OU £*1ZJ U 1 


10/1 OfiA 


JP 






JP 


91-251533 


11/1991 


JP 


94-303911 


11/1994 


JP 


96-19370 


1/1996 


KR 


94-2868 


4/1994 


WO 


WO 84/02271 


6/1984 


WO 


WO 90/12511 


11/1990 


WO 


WO 90/12583 


11/1990 


WO 


WO 92/06680 


4/1992 


WO 


92/08371 


5/1992 


WO 


93/12666 


7/1993 


WO 


WO 95/00038 


1/1995 


WO 


WO 95/00039 


1/1995 


WO 


WO 95/10290 


4/1995 


WO 


WO 96/00070 


1/1996 


wo 


WO 96/03975 


2/1996 


WO 


WO 97/21424 


6/1997 


wo 


WO 97/24036 


6/1997 


wo 


WO 9S/23165 


6/1998 


wo 


WO 98/23166 


6/1998 


wo 


WO 98/23167 


6/1998 


wo 


WO 99/27798 


6/1999 


wo 


WO 99/33352 


7/1999 


wo 


WO 99/44436 


9/1999 


wo 


WO OQ/13523 


3/2000 


wo 


WO (XV35296 


6/2000 


wo 


WO 00/35298 


6/2000 


wo 


WO 00/38532 


7/2000 


wo 


WO 02/13781 Al 


2/2002 



OTHER PUBLICATIONS 

Bradford, A Rapid and Sensitive Method for the Quantifi- 
cation of Microgram Quantities of Protein Utilizing the 
Principle of Protein-Dye Binding, Analytical Biochemistry, 
72:248-254 (1976). 

Nielsen et al., P-Glycoprotein as Multidrug TYansporter: A 
Critical Review of Current Multidrug Resistant Cell Lines, 
Chimica et Biophysica Acta., 1139:169-183 (1992). 
Adams, M.W., d-AJpha Tocopheryl Polyethylene glycol 
1000 Succinate (Eastman vitamin E TPGS) as an Emulsifier 
and Bioenhanccr for Drugs and Lipophilic Compounds, 6th 
International Conference on Pharmaceutical Technology 
Paris, Jun. 2-4, 1992. 



Beckett, A. H. et al., "Buccal absorption of basic drus and its 
application as an in viov model of passive drug transfer 
through lipid membranes", (1967) J. Pharma. Pharmac. 
Suppl. No. 19, pp. 31S-41S. 

Chang, Tammy et al., "The Effect of Water-Soluble Vitamin 
E on Cyclosporine Pharmacokinetics in Healthy Volun- 
teers," Abstract in American Society to Clinical Pharmacol- 
ogy and Therapeutics, 57(2): 163, Feb. 1995. 
Hebert, Mary R et al.; "Bioavailability of Cyclosporine with 
Concomitant Rifampin Administration is Markedly Less 
Than Predicted by Hepatic Enzyme Induction" (1992) Clin 
Pharmacol Ther. 52:453-457. 
Kronbach, Thomas et al.; "Oxidation of Midazolam and 
Triazolam by Human Liver Cytochrome P450IIIA4" (1989) 
Molec. Pharm. 36:89-96. 

Lalka et al.; "The Hepatic Firsl-Pass Metabolism of Prob- 
lematic Drugs" (1993) /. Clin. Pharmacol 33:657-669. 
Lum et al.; "Clinical Trials of Modulation of Multidrug 
Resistance. Pharmacokinetic and Pharmacodynamic Con- 
siderations" (1993) Cancer 72:3502-3514. 
Muranishi, Sbozo; "Absorption Enhancers" (1990) Crit. 
Rev. Ther, Drug Carrier Sys., 7:1-33. 
Somberg et al.; "The Clinical Implications of First-Pass 
Metabolism: Treatment Strategies for the 1990V (1993)7 
Clin. Pharmacol 33:670-673. 

Tarn, Yun K.; "Individual Variation in First-Pass Metabo- 
lism" (1993) Clin. Pharmacokinet. 25:300-328. 
Van Hoogdalem et al.; "Intestinal Drag Absorption 
Enhancement: An Overview" (1989) Pharmacol. Ther. 
44:407-443. 

Warren et al.; "Increased Accumulation of Drugs in MuJti- 
drug-Resistant Cell Induced by Liposomes" (1992) Cancer 
Research 52:3241-3245. 

Watkins, Paul B.; "The Role of Cytochromes P-450 in 
Cyclosporine Metabolism" (1 990) J. Am. Acad. Dermacol 
23:1301-1309. 

Weinberg, David S. et al., "Sublingual absorption of selected 
opioid analgesics", (1988), Clin. Pharmacol Ther.; Depart- 
ment of Neurology and Department of Pharmacology, Cor- 
nell University Medical College, pp. 335-342. 
Wrighton et al.; "In Vitro Methods for Assessing Human 
Hepatic Drug Metabolism: Their Use in Drug Development" 
(1993)25:453^84. * P 

Wu et al.; "Use of IV and Oral Drug Levels from 
Cyclosporene (CsA) with Concomitant Rifampin to Differ- 
entiate Gut Absorption and Metabolism" (1993) Pharm. Res. 
ltfcabstract ppdm8185. 

Zamora et al.; "Physical-Chemical Properties Shared by 

Compounds that Modulate Multidrug Resistance in Human 

Loukemic Cells" (1988) Molec. Pharmacol 33:454-462 

U.S. Appl. No. 09/286,818, filed Apr. 6, 1999 

U.S. Appl. No. 09,421,905, filed Oct. 20, 1999 

U.S. Appl. No. 09/510,878, filed Feb. 23, 2000 

U.S. Appl. No. 09/535,458, filed Mar. 24, 2000 

U.S. Appl. No. 09/552,290, filed Apr. 19, 2000. 

VS. Appl. No. 09/591,256, filed Jun. 9, 2000. 

U.S. Appl. No. 09,592,400, filed Jun. 13, 2000. 

U.S. Appl. No. 09/618,808, filed Jul. 18, 2000. 

U.S. Appl. No. 09/621,643, filed Jul. 21, 2000. 

U.S. Appl. No. 09/631,326, filed Aug. 3, 2000. 

U.S. Appl. No. 09/651,514, filed Aug. 30, 2000. 

U.S. Appl. No. 09/654,464, filed Sep. 1, 2000. 

U.S. Appl. No. 09/653,669, filed Sep. 1, 2000 

U.S. Appl. No. 09/671,552, filed Sep. 27, 2000 



US 6,949,264 Bl 

Page 4 



U.S. Appl. No. 09/714,571, filed Nov. 16, 2000. 

U.S. Appl. No. 09/747,323, filed Dec. 22, 2000. 

U.S. Appl. No. 09/747,300, filed Dec. 22, 2000. 

U.S. Appl. No. 09/748,699, filed Dec. 22, 2000. 

U.S. Appl. No. 09/749,983, filed Dec. 27, 2000. 

U.S. Appl. No. 09/759,561, filed Jan. 11, 2001. 

U.S. Appl. No. 09/759,838, filed Jan. 11, 2001. 

"Flavor Encapsulation Technologies, Flavor Unit Sweet, 

Product Management", H&R (undated) (published at least 

before Nov. 27, 1996), 25 pages. 

Dr. Massimo Calanchi and Dr. Sam Ghanta, "Taste-masking 
of oral formulations", Eurand International SpA, Pharma- 
ceutical Manufacturing International, 1996 (5 pages). 
The Eurand Group, Brochure (undated) (published at least 
before Nov. 27, 1996), (16 pages). 
Merck Index, 11 th Ed., #1635 "Caffeine" (1989), p. 248. 
Merck Index, 12'* Ed., #2337 "Ciraetidine" (1996), p. 383. 
Merck Index, 12** Ed., #3264 "Dimethicone" (1996), p. 544. 
Merck Index, 12* Ed., #3972 "Famotidine" (1996), p. 667. 
Merck Index, 12'* Ed., #6758 "Nizatidine" (1996), p. 1143. 
Merck Index, 12'* Ed., #6977 "Omeprazole" (1996), p. 
1174. 

Merck Index, 12'* Ed., #8272 "Rabeprazole" (1996), p. 
1392. 

Merck Index, 12 th Ed., #8286 "Ranitidine" (1996), p. 1395. 
James G. Elliott, "Application of Antioxidant Vitamins in 
Foods and Beverages" Food Technology, (Feb., 1999), pp. 
46-48. 

C. Curtis Vreeland, "Nutraceuticals Fuel Confectionary 
Growth" Candy R&D, (Mar., 1999), pp. 29, 31-32, 34-35. 
Kitty Broihier, R.D., "Foods of Tomorrow, Milking The 
Nutrition Market", Food Processing, (Mar., 1999), pp. 41, 
42 and 44. 

Kitty Broihier, R.D., "Tea Time For Nutraceuticals, New 
Black, Green Tea Products Brew Up a Bevy of Health 
Benefits", Food Processing, (Mar., 1999), pp. 59, 61 and 63. 



Andrea Allen, Jack Neff, Lori Dahm and Mary Ellen Kuhn, 
"Exclusive Guide to Wellness Foods and Nutraceuticals", 
Food Processing (Special Supplement), (Mar., 1999). 
Product package "Aspergum" distributed by Heritage Con- 
sumer Products, LLC (on sale prior to Nov. 27, 1995). 
Product package "Chew & Sooth Zinc Dietary Supplement 
Gum" by Gumtcch International, Inc. (undated). 
Product Package "Dental Care the Baking Soda Gum" 
distributed by Church & Dwight Co., Inc. (1998). 
Product package "BreathAsure Dental Gum" distributed by 
Breath Asure, Inc. (1998). 

Product package "Trident Advantage with Baking Soda" 
distributed by Warner-Lambert Co. (1998). 
Product package "CHOOZ Antacid/Calcium Supplement 
with Calcium Carbonate" distributed by Heritage Consumer 
Products Co. 

Heritage Consumer Products Co. article from the Internet 
"Cosmetics and Toiletries, The Heritage Story", printed Jul. 
20, 2000, <http://www.cnewsusa.com/Conneclicut/14997. 
htmi>, 1 page. 

The United Stales Pharmacopeia The National Formulary— 
"General Information", dated Jan. 1, 1990 pp 1624-1625 
and pp 1696-1697. 

Gumtech article from the Internet "Customized Solutions 
For Customer Brands", printed Oct. 18, 2000, <http://ww- 
w.gum-tech.com/cus-brands.hlml>, 3 pages. 
Rabeprazole article from the Internet "Rabeprazole: Phar- 
macokinetics and Safety in the Elderly", printed Sep. 22, 
2000, <hUp://www.mmhc.com/cg/articles/CG9905/Hum- 
phries.html>, 2 pages. 

Product package for Stay Alert Caffeine Supplement Gum, 
distributed by Amurol Confections Company (first quarter 
1998). 

* cited by examiner 



1 



US 6,949,264 Bl 



S uSSaTm™pS, 4 f&Sl re,MSC ^ needed to 

SUPPLEMENTS AND METHOD OF MAKING release active medicajnenl from the gum matrix. 

REFERENCE TO EARUER FILED , 0ther methods contemplated are methods of controlling 

APPLICATIONS release of ac,,ve n»«J»eanienl from gum. These methods 

5 would be useful in not releasing the active medicament in 

i > T% "f f £° D f iUD t .?o bMefit UDdcr 35 11,6 0141 Mvi| y durm 8 8 1 ™ ^^8. but allowing the active 

U.S.C. S 119(e) of the filing date of U.S. Provisional Patent medicament to be ingested during chewing Tttis will keen 

Application No. 60/112389, filed Dec. 15, 1998. The appli- the active medicament from becoming effective until after £ 

cation is a continuation of PCT Application Ser. No. US99/ enters the digestive track 

c?? 2 'c fi -?d^ 1 WUch dcs, '8 njted < he u "i»«J 50 II ^ of course known to provide active medicaments to 

Slates. Said PCTapphcalion is a continuation-in-part of U.S. individuals for various purposes TheL m„£!™^ k 

patent application Ser. No. 09/389,211. filed Sep. 2, 1999, used rSSSStS" 

now abandoned, « «nUnua.,on-m.part of U.S. patent appli- drugs or medicaments. Likewise, the E mSments 

cauon Ser. No, 09/286 818. filed Apr. 6. 1999 and a can be used for preventive purposes^! „7s knoT t 

0t ^J: lCDt a PP Kc * tion S «- No. » provide medicaments to an inrnWdual for a vanZ of 

09*08 972, filed May 27. 1999, nowUS Pat. No. 6,165. non-medical purposes including enhatfcU ^0^ or 

516, which is a nationalization of PCT/US96/18977. filed mainUining health nnaucing penormance or 

f ° reg0in8 aPPliCali0DS ^ 5« - * 6- variety of such medicament. Tnese 

20 medicaments run the gamut from stimulants such as caffeine 
BACKGROUND OF THE INVENTION 10 dru & s such as anal gesics, tranquilizers, cardiovascular 

m_ . ■ • i products, as well as vitamins, minerals, and sumjlement* 

The present, invention relates to methods for producing Some such medicaments are taken on an" ?«2dK5£ 
chewing gum. More particularly, the invention relates to while other medicaments must be t«ke"a« rtgS interns 
producing chewing gum containing an effective amount of by the individual intervals 
an active medicament. Preferably, the active medicament 25 T\m,v.ii„ h„„.c a- 

that is added to the chewing gum has been treated to con.ro JX'",, * f n ffl < dlcamenls are administered 
its rate of release from chfwmg gum or the chevSn™ £Tf*A -T? * / ?T' paren,er '" adminis,ra - 
formulation has been modified 8 to control STSSSZ 2 LhlS^ Pn, , r^ 8 """"V 
medicament for maximum effectiveness. ul°H„ s,ream - ? nteral »*» to the administration of 

, . a . . j 30 11,6 dm 8 10,0 the gastromtestina tract. In either case the eoal 

In recent years efforts have been devoted to controlling of the drug administration is to move the dn!g SES 
release characteristics of various ingredients in chewing of administration towards the systemic circufatfon 

gum. Most notably, attempts have been made to delay the nr.i .rimm.h.ik. «r a , • .. <■ wuvu,auon - 

release of sweeteners and flavors in various chewing gum JS, jTS^i T ' $ ^ far lhe m0St COmaOD 
formulations to thereby lengthen the satisfactory cheS S£?1 h ? ! T i° WMdS SyS,emic circula «on. 
time of me gum. Delaying me release of w« 35 J? " V™ 8 ^ ° CCUrS 

flavors can also avoid an undesirable overpowering "burst of ShltM . ^ 'l** 11 * aa l oss lbe membranes of the 
sweetnessorfiavorduring the initial cheX^rTod On the E !ff ^ ^ 8 8S ' ro,D,es,iDaI tract. Absorption 
other hand, some ingredient have teeTtS I so « to SS) S f^" 0 ? £ «">fou«led by numerous factors. 

increase their rate ofTelease in chewing gum 2^ AeTn^H^T" ,be , aJin,eDlar V «" 

n . .... 6 40 ncl 1Ia: luminal pH; surface area per luminal volume- 

Besides sweeteners other ingredients may require a con- perfusion of tissue, bile, and mucus flow; andT epTthetial' 
trolled release from chewing gum. In certain embodiments, membranes. See Merck Manual at page 2599 
it is contemplated that the active medicament that is added a further ,m„ ,»,. .i» ' „ , . 

to the gum is not generally released very readily An active ; c ,.„77 ^ absorption or orally admin- 

mediciment may be encapsulated in a ^solub^ mS « ' S ° f ^ Mos « ^ adfflinis - 

such that, during the chewing period, the medi«menTm^y 45 S,^ 6 , "* " fcnD ° f ^ 01 ™* is 

be released quickly, resulting in a fast relea^^Ss iou d Z£ ^orw^mence economy stability, and patient 
.Uowchewiigum%obe.cfmerforanactrem^ent SSSL ^^Sl^Tf^K S or *>e 
with these fast release characteristics. SeT IhL^X ^ a f > ' P " 0D can occur - 

. . niere are a variety of factors capable of varying or retardine 

In some instances, serious taste problems may arise so disintegration of solid dosage forms. Further there are a 
becauseof the bitter nature of many acuve medicaments. A variety of factors mat affect .be dissolution rale Lid ter fore 
prolonged or delayed release of active medicaments would determine the availability of the drug for absorption See 
allow for the use of the acuve medicaments in gum. but the Merck Manual at page 2600. »rpuon. see 

low level of release of such medicaments may keep the level When » rin>o „ n iHi<< h;«»i». t. a , 
of that agent below the taste threshold of the active medi- 55 readS ^pa^fc o^ meoSn^ f ^ 
caments and no, give chewing gum a bitter taste quality. In itSZ^S' ^^.'1 
addiuon. acuve medicamenu may also have other unpleas- case for drugs given orally. Before reaS S ven cala 
am ustes .bat may be overcome by reducing the release rate me 6 ml fs t ^ ove ^ me ^7™.! Td na« 
of acuve medicaments from a chewmg gum. throug 7 lhe ^ waU snd livWt wh^cS^ol 

Another aspect of the present invention contemplates the 60 drug metabolism. Thus, the drug maybe metabolized before 
use of encapsulauon techniques For example, it may be that it can be mewured in the geneTal circulation. TmTcau* of 
active medicaments may also be unstable in a chewing gum a decrease in drug input is called the first pass effect A lame 
environment In such cases, various methods of encapsula- number of drugs show low bioavailability owning 
uon may be needed to improve stability of the active extensive first pass metabolism. Toe two other most frequent 
medicament. In other circurnsUnces. active medicaments 65 causes of low bioavailability are insufficient time in the GI 
may no. be readily released from the chewmg gum matrix tract and the presence of competing reactions. See Merck 
and .heir effect may be considerably reduced. In such a Manual at page 2602. 
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Bioavailability considerations arc most often encountered Furthermore, an advantage of the present invention is to 

for orally administered drugs. Differences in bioavailability provide a method for administering drugs or agents to an 

can have profound clinical significance. individual that heretofore were administered parenterally. 

Although parenteral administration does provide a Additionally, an advantage of the present invention is to 

method for eliminating a number of the variables that are 5 provide a method of administering drugs that is more 

present with oral administration, parenteral administration is palatable than current methods. 

not a preferable route. Typically parenteral administration Moreover, an advantage of the present invention is to 

requires the use of medical personnel and is just not war- provide an improved method for drug delivery 

ranted nor practical for the administration of most agents ^ prcscm mynniioD aIso ides a mclhod of 

and drugs e.g., analgestcs. Even when required, parenteral 10 • ^ ^ h * active mX- 

administration is no preferred due to patient concerns m * Dls l0 JJ o] thcir ^ acdve JS££^ 

S£2 ' ' as as equipmcnt addcd to a gum «*• to dclivcr th < aciivc 

' systemically without unpleasant tastes. The present inven- 

Thcrc is therefore a need for an improved method of tion also relates to the chewing gum so produced Physically 
delivering drugs and agents to an individual. 35 modified active medicaments may be added to sucrose-type 

SUMMARY OF TOF tNVFNnnK formuhtioDS ™ 6 sucrose-type coalings. The formula- 

SUMMARY OF THE INVENTION lion may ^ a low or high moisture formulaljon containjng 

The present invention provides improved methods for low or ^ counts of moisture containing syrup. Physi- 
delivering a medicament or active agent to an individual. To 2 o CaJly modificd aclivc medicaments may also be used in low 
this end, chewing gum is provided including a medicament or ° on - su B ar P 1 ™ formulations and coalings that use 
or active agent. The medicament or active agent is present sorbitol, mannitol, other polyols or carbohydrates. Non- 
within the chewing gum composition (the water soluble sugar formulations may include low or high moisture sugar- 
portion and/or insoluble base portion). It has been found that frcc cbcwin g E* ms - 

by chewing the gum, the medicament or active agent is 25 Active medicaments described herein may be combined 
released from the chewing gum into saliva. Possibly, saliva or co-dried with bulk sweeteners typically used in chewing 
coats the oral tissues under the tongue (sublingual) and the S^m D cf° rc the active medicaments are physically modified, 
sides of the mouth where the drug may partition from the ^ ucb bulk sweeteners are sucrose, dextrose, fructose and 
saliva into the oral mucosa. Continuing to chew the chewing maltodcxtrins, as well as sugar alcohols such as sorbitol, 
gum creates a pressure within the buccal cavity and may 30 manD > l °li xylitol, maltitol, lactitol, hydrogenated isomaltu- 
force the medicament or active agent or medicament directly ,osc and hydrogenated starch hydrolyzates. 
into the systemic system of the individual through the oral The modified release rate noted above may be a fast 
mucosa contained in the buccal cavity. This greatly enhances release or a delayed release. The modified release of active 
the absorption of the drug into the systemic system as well medicaments may be obtained by encapsulation, partial 
as the bioavailability of the drug within the system. 35 encapsulation or partial coating, entrapment or absorption 

Improved chewing gum formulations including medica- ^gh or low water soluble materials or water insoluble 

ments and active agents are also provided by the present materials. The procedures for modifying the active medica- 
invention. mc nts include spray drying, spray chilling, fluid bed coaling, 

To this end, the present invention provides a method of ^oacervaiion, extrusion and other agglomerating and stan- 
drug delivery comprising the steps of: providing a chewing 40 dard f° ca £™tMg techniques. The active medicaments also 
gum that includes a medicament in the chewing gum com- ™ y . ** abs ° rocd onl ° an or water-insoluble material, 
position; chewing the chewing gum to cause the medicament AcUVe mwhcaro . CDls mav r b L c modified in a multiple step 
to be released from the chewing gum composition into the p !°f 88 ^P™ 10 * a °y <* the processes, or a combination 
buccal cavity of the cbewer. of lbc P rocc sses noted. Prior to encapsulation, active medi- 

~ j . . . as caments may also be combined with bulk sweeteners includ- 

TTk active medicament may be any agent that is trad.- ■ sucrose, dextrose, fructose, maltodextrin or oXSc 
uonally used as a medicament and lends itself to bemg s ^ Mm tt wel] as mgu ' rfcohols ^ 4S ™™ 
admmtstered through the oral cavity. Such active agents may mtmMi m ailtM f 8C|ito) hyaVogena JiSn.- 
be vitamins, cancer chcmotherapeut.es; antimycotics; oral lose hydrogenated starch hydrolyzates. 
contraceptives, nicotine or mcotme replacement agents, . , . . .. 

minerals, antibacterial agents, anesthetics, antitussives, 50 k.^^T^! ^ m ^ ca *«* * a V be com- 
diuretics, anti-inflammatories, antibiotics, AIDS medication bmc4 wuh mgh-intcosity sweeteners, including but not 
neurological drugs, antivirals, psychotherapeutic agents, hmil | f d . to ^matin, aspartame, aktame, acesulfame K, 
anti-diabetic agents and cardiovascular agents, nutraccuti' sa f cha " D aci * ™ 6 1*?* ^hizi^ cyclamate and its 
cals and nutritional supplements. saJte ' « tev » B * ^d dihydrochalcones. Co-encapsulation of 

A ... . 4 . . 55 active medicaments along with a high -intensity sweetener 

Accordingly, an advantage of the present invention is to may ue ^ laslc qualilics * f activc m d icamcnls 

provide new methods for delivermg medicaments or active and ^jm] thc sweetener release with active medicaments 

agents to an individual. nis can improvc thc qua]ily of (he gum producl ^ 

Still further, an advantage of the present invention is to increase consumer acceptability, 
provide a method of delivering medicaments to an indi- 60 

vidual that provides for increase absorption and bioavail- DETAILED DESCRIPTION OF THE 

ability as compared to medicaments that are designed to be PREFERRED EMBODIMENTS 

absorbed in the GI tract. nc prcscnt invcnlion prov ides improved methods for 

Further, an advantage of the present invention is to delivering medicaments and other active agents to an indi- 

provide a method of administering a medicament or agent to 65 vidual as well as improved formulations including such 

an individual at a lower level than is typically administered medicaments and agents. Pursuant to the present invention 

orally while still achieving the same effect. a physically modified medicament or active is contained in 
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a chewing gum formulation. In contrast to some prior such 20minvrr ftfl i^ 

formulation, the medicament o, agen, is con.aiJd direcuy 2S%%Z ^TJ^^^JSS 

m me chcw.ng gum compos,.™, in a piece of coated gun,, or a .a.geUeve, of ! 3% 

Accordingly, as the chewmg gum is chewed, the pbysi- Caffeine is a diohtiv u,m.. i li 
cally modified active is rele£ed into the sal va. During 5 merefore has a m^LZ f ' SUbs, f nCe 4Dd ' 

continual chewing, the medicament or active in the saKvf guT Caffeint is SS SuhS ^ ^ *** CheWiB8 

may be then forced due to the pressure created by 2 K'Sbkfc ^ J?SS 2 ^^"kI^"^ 

chewing gum through the oral mucosa in the buccal cavity. Z^S^SS . mellow rSe^as 

The oral mucosa favors drug absorpUon. In contrast to a shown below- nweraieiy slow release as 

typically oral ingested drug, wherein the solution is in 10 
° contact too briefly for absorption to be appreciable through 
the oral mucosa, it is believed that during the chewing, the 
physically modified active agent and/or medicament 
remains in the buccal cavity and may be forced or parti- 
tioned through the oral mucosa. An increase in the absorp- « 

lion of the drug may be achieved as well as an increase in 

the bioavailability of the drug as compared to typical oral 

administration. The drug or active agent may be absorbed 

much quicker than if it was swallowed as in a typical oral 

administration. Indeed, the absorption approaches that of a 20 Generally, highly water soluble ingredients such as suears 

parental admiration and broava.lab.hty may be also in stick gum are about 80-90% rfS afl e 7oTfive 

much greater than ora administration. minules f { cbewing . For Mffe ,™ tt* ?o% l 

It is also possible that less physically modified medica- released, while the other 50% remains in the gum after five 

ment or active agent can be placed in the chewing gum than minutes of chewmg. After 20 minutes almost 90% of caf 

is typically orally administered to an individual to achieve 25 feine is released. 

an effect and the same bioequivalence can be achieved. In Even if caffeine is dissolved in hot water and mixed in the 

some msunces, for certain drugs and agents, the adminis- stick gum, when the gum is cooW o, Ten. af room 

.ration of the medicament or agen, using chewing gum temperature, caffeine may return™ 2 normal cr^Ze 

through the buccal activuy may provide an increase in state and release at a rate similar to tha. shZ St 

therapeutic effect even as compared to parenteral adminis- 30 un. ■. • ,, j-, , - 

U-ation. P ra,aamuils When a physically modified active such as caffeine is 

For example, caffeine is commonly used as a stimulant to ™t ZIkZTa ' V- wfll have " increased 

alleviate ^effects of sleep deprivation. It is SZ Sm° Z SoendK SE^T"' ^"aa* &on » 

pletely metabolized in the liver and therefore claSdT. b^on^ think Z K'^ 

low clearance, ^dependent drug. This means its rate of » £ ZoZt^Tc^l^^^S 

inactivation is unaffected by dehvery to the liver and can the active agent from cbewing gum SsfwrteT «££ 

onlybemod^^byachangemthehepaticenzymeactivity. active agents%an be modified^ 8 encapStfon mri^ 

OOAfifi «1* " ^T lt 1 aPP,iC8ti ° n N °- m ° re UDif0nn re ' MSe fronJ cte ^68um P Depending on the 

09/386,818 herem mcorporated by reference, suggests that 40 active agent and the type of encapsulation used, the level 
the absorption rate constant (Ka) ,s significantly increased released from the gum into the mouth can be adjusted fo 
when caffeine is administrated through cbewing gum versus maximum effectiveness, 
a pill. This means that the caffeine is moving into the nn»r „ _ j 

««. «• • • j j j " . or Physiological effect once ingested and/or metabolized 

When caffeine is added to stick cbewing gum at , level of The therapeutic effect may be one which MtowSStte 

about 0.2% to about 5%, caffe ne imparts an intense bitter- growth of a xenobiotic or oL gut flora TfaunTa^ Je 

ness to the chewmg ; gum that last throughout the chewing activity of an enzyme, provides the physLS re H X a 

period. The higher the level used, the stronger the bitterness. J0 malady (e.g., diminishes pain acid reflux or 

A. about 0 ; 2%^ which is about 5 mg per 2.7 gram stick, the discomfort), has an effect o„T'br^che m ar, of mo 

bitterness ,s below the threshold limit and is not readily ecules that determine mood and behaviorO? Xe «£« 

d ^ ce ™^- ^ sle ,b ■» s,lck «*ewng 8um are generally are just examples of what is intended by therapVutk effecT 

about 0 4% (10mg) to about 4% (100 mg) of caffeine in a Tnose of skill in the art will readfly STa 

stick of gum. The 60-80 mg level of caffeine is about the 5J particular agen. has or is associated with , givenU,Trap«tic 

level of caffeine found ma conventional cup of coffee. The effect. merapeuuc 
urge, level of caffeine in stick gum is about 40 mg per stick, Th^ .„. n t i~ v ■ 

with a range of about 25-60 mg. so that a five stick oackaee „Jr * cuve J . i 6 enl "V he W «gent that is traditionaDy 

of gum would contain about 200 mg of clSe, or le £1^' lcD *. ilse,f 10 ^8 ^ministered 
eipiiv^mofcdrememtwostrongo^ofcoffeeHowew «, S ^ ^ ^ 4 6««s may be vitamins, 

a. this level caffeine bitterness overwhelms the flavor " .£! ^ nl0 ^«peut.c S ; ant.myco.ics; oral 

tiafly and laste throughout the cbewing period. ST J""? 6 re P ,^ * IDen, »8 e ^, 

p < j it ■ ■ f*^ 1 *""- minerals, analgesics, antacids, muse e relaxant 

For coaled pelkl gum, piece weight is generally about 1.5 antihistamines, decongestants, an stheti« anu u" iws' 

gramsperp.e«.However.one«,tedpieceof6uinisabout diuretics, anli-inflammltories. anu-biotics. »Sb S 
equal to K piece of stick gum. Two pellets are equivalent to « chotberapeutic agents, anti-diabetic agente and cJSova^- 

a stick of gum. and togemer weigh about 3 grams. The lax agents, bioeigineered pharmaceuticals. nu^aceS 

above-noted target level of 40 mg per stick is equivalent to and nutritional supplements Vitamins and i-enzym^a! 
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may be delivered using this invention include but are not Analgesics include opioids and other medicaments such 

limited to water or fat soluble vitamins such as thiamin, as morphine, mepidine, denlanyl, sufentanil, attentat, 

riboflavin, nicotinic acid, pyridoxine, pantothenic acid, aspirin, acetaminophen, ibuprofen, indomethacine,' 

biotin, flavin, choline, inositol and paraminobenzoic acid, naproxen, atrin, isocome, roidrin, axotal, firinal, pbrenilin,' 

carnitine, vitamin C, vitamin D and its anaJogs, vitamin A 5 ergot, and ergot derivatives (wigrainc, cafergot, crgostat] 

and the carotenoids, retinoic acid, vitamin E and vitamin K. ergomar, dihydroergotamine), imitrex, and ketoprofen. 

Examples of cancer cbemotberapcutics agents include but . Diuretics include but are not limited to acetazolamide 

are not limited to cisplalin (CDDP), procarbazine, dichlorphenamide, methazolamide, furoseraide,' 

mechloretbamine, cyclophosphamide, camplotbecin, bumetanide, ethacrynic acid torseimde, azosemide' 

ifosfamide, melpbalan, chlorambucil, bisulfan, nitrosurea, 30 muzolimine, piretanidc, tripamide, bendroflumethiazide , 

dactinomycin: daunorubicin, doxorubicin, bleomycin, benzthiazide, chlorothiazide, hydrochlorothiazide' 

plicomycin, mitomycm, etoposide (VP16), tamoxifen, taxol, hydroflumethiazide, melhyclothiazide, polytbiazide' 

transplatmum, 5-fluorouracil, vincristin, vinblasUn and trichlormethiazide, indapamide, metolazone, quinethazone' 

methotrexate or any analog or derivative variant thereof. amiloride, triamterene, sprion olactone, canrenone, and 

Antimicrobial agents that may be used include but are not 35 potassium canrenoate. 

limited to naficiUin, oxacillin, vancomycin, clindamycin, Antiinflammatories include but are not limited to sah- 

erythromycin, trimethopnm-sulphametboxazole, rifampin, cy ii c acid derivatives (e.g. aspirin), indole and indene acetic 

ciprofloxacin, broad spectrum penicillin, amoxicillin, acids (indomethacin, sulindac and etodalac) heteroaryl ace- 

genlamicm, ceftnazoxone, cefotaxime, chloramphenicol, tic acids (lolmetin diclofenac and ketorolac) aryl propionic 

clavunate, sulbactam, probenecid, doxycycline, 20 acid derivatives (ibuprofen, naproxen, ketoprofen fenopren 

spectinomycin, cefixime, penicillin G, minocycline, oxaprozine), anlhraniUc acids (mefenamic acid, meclofe- 

P-lactamase inhibitors; mezioallin, piperacillin, aztreonam, D amic acid) enolic acids (piroxicam, tenoxicam, phenylb- 

norfloxacin, trimethoprim, ceftazidime, dapsone. utazone and oxyphenthatrazone). 

Antifungal agents that may be delivered include but are Psychotherapeutic agents include tborazine serentil 

not limited to ketoconazole, fluconazole, nystatin, mellaril, millazinetindal, permitil, prolixin trilafon' 

itraconazole, clomitrazole, and amphotericin B. Antiviral stelazine, suprazine, taractan, navan, Clozaril baldol' 

agents that may be used include but are not limited to halperon, loxilane, moban, orap, risperdal, alprazolam' 

acyclovir, tnflundine, idoxorudine, foscamet, ganciclovir, chordiaepoxide, clonezepam, clorezepate, diazepam' 

zidovudine, dideoxycylosine, dideoxyinosine, stavudine, halazepam, lorazepam, oxazepam, prazepam, buspirone' 

famciclovir, didanosine, zalcilabine, rifimantadine, and elvavil, anafranil, adapin, sinequan, tofranil, surmontil,' 

cytokines. asendin, norpramin, perlofrane, ludiomil, pamelor, vivaclil, 

Antacids include cimetidine, ranitidine, nizatidine, prozac, luvox, paxil, zolofl, effexor, wellbutrin, serzonei 

famotidine, omeprazole, bismuth antacids, metronidazole desyrel, nardil, parnate, eldcpryl. 
antacids, tetracylcine antacids, clarthromycin antacids, 35 Cardiovascular agents include but are not limited to 

hydroxides of aluminum, magnesium, sodium bicarbonates, nitroglycerin, isosorbide dinitrate, sodium oilroprisside 

calcium bicarbonate and other carbonates, silicates, and captopril, enalaprill, enalaprilat, quinapril, lisinoprili 

phosphates. ramipril, losartan, arorinone, linnone, vesnerinone' 

Antihistamines are represented by but are not limited to hydralazine, nicorandil, prozasin, doxazosin, bunazosin, 
cimetidine, ranitidine, dipbenydramine, pry 1 amine, A0 tamutosin, yohimbine, propanolol, metoprolol, nadolol, 

promethazine, chlorpheniramine, chlorcyclizine, atenolol, timolol, esmolol, pindolol, accbutolol, labetalol! 

terfenadine, carbinoxamine malcate, clemastine fumarate, phentolamine, carvedilol, bucindolol, verapamil, nifedipine, 

diphenhydramine hydrochloride, dimenhydrinate, prilamine amlodipine and dobutamine, or a sexual dysfunction agent 

maleate, tripelennamine hydrochloride, tripelennamine like sildenafil citrate (Viagra). 

citrate, chlorpheniramine maleate, brompheniramine 45 It is envisioned that depending on the active agent or 

maleate, hydroxyzine pamoate, hydroxyzine hydrochloride, medicament, the resultant chewing gum can be used to treat 

cyclizine lactate, cyclizine hydrochloride, meclizine inter alia: coughs, colds, motion sickness; allergies- fevers- 

hydrochloride, aenvastme, cetirizioe hydrochloride, pain; inflammation; sore throats; cold sores; migraines- sinus 

astemizole, levocabastine hydrochloride, and loratadine. problems; diarrhea; diabetes, gastrins; depression; anxiety, 

Decongestants and antitussives include agents such as 50 hypertension; angina and other maladies and symptoms! 

dextromethorphan hydrobromide, Ievopropoxyphcne Also these gums may be useful in ameliorating cravings in 

napsylate, noscapine, carbetapentane, caramipben, substance abuse withdrawal or for appetite suppression, 

chlophedianol, pseudoephedrine hydrochloride pseudoepbe- Specific active agents or medicaments include by way of 

drine sulfate, phenylephidrine, diphenhydramine, glaucine, example and limitation: caffeine, aspirin, acetaminophen; 

pholcodine, and benzonatate. 55 ibuprofen; ketoprofen; cimetidine, ranitidine, famotidine, 

Anesthetics include etomidate, ketamine, propofol, and dram amine, omeprazole, dyclonine hydrochloride, chlor- 

benodiazapines (e.g., chlordiazepoxide, diazepame, pbeniramine maleate, pseudoephedrine hydrochloride, dex- 

clorezepate, halazepam, flurazepam, quazepam, estazolam, tromethorphan hydrobromide; benzocaine, sodium 

triazolam, alprozolm, midazolam, temazepam, oxazepam, naproxen, and nicotine. 

lorazepam), benzc>caine, dyclonine, bupivacaine, etidocaine, 60 Compositions that may be formulated into a suitable 

lidocaine, mepivacaine, promoxine, prilocaine, procaine, chewing gum formulation are described in, for examples 

proparcaine, ropivacaioe, tetracaine. Other useful agents U.S. Pat. No. 5,858,423; U.S. Pal. No. 5,858,413; US Pat' 

may include amobartital, aprobarbital, butabarbital, butalbi- No. 5,858,412 and U.S. Pat. No. 5,858,383. Additionally, 

tal mephobarbital, metbohcxital, pentobarbital, Goodman and Gilman's "The Pharmaceutical Basis of 

phenobarbital, secobarbital, thiopental, paral, 65 Therapeutics" (Eds. Hardman et ah, Publ. McGraw Hill, 

chloralhydrate, ethchlorvynol, clutelhimide, methprylon, NY) provides comprehensive guidance of useful drugs and 

cthinamate, and meprobarnatc. their mechanisms of action. Medicated chewing gums have 
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been particularly effective in the delivery of agents such as examnle if the mft d,> S m,ni ic .« * i u . 

nicotine as described in for example, US. Pat No. 5,86? JuT would be £ on a « iJdi&^f^" 8 

179; and U.S. Pat. No. 5,889,028. U.S. Pat. No. 5*46,557 s'imilar to the 

describes general chewing gum compositions containing would be restrictions on the number of pieces of chewinc 

cough suppressing agents. These patents arc incorporated 5 gum chewed, for example, not more often than one stick 

herein by reference as providing a leaching of the incorpo- cv ery four hours and not more often than four to five times 

ration of medicinal agents into oral chewable formulations. a da y. If toe agent is a stimulant such as caffeine to be used 

It should be understood that the present chewing gum 10 cnDa nce performance than the chewing gum would be 

formulations) are not limited to the agents listed herein cbewed, in a preferred embodiment ten minutes or less 
above, indeed any medicinal or other active agent that lends 30 bcforc lhc performance. 

itself to ingestion may be formulated into the chewing gum . 71)6 medicament or agent can be contained in a variety of 

formulations of the present invention. ? " different chewing gum compositions. Referring now to the 

Nutraceuticals and nutritional supplements may also be cte ^ Pursuant to the present invention, the chewing 

added to chewing gums as active agents. Among these are ^"?J* *edjcamem or agent may be based on a 

herbs and botanicals that include, but are not limited to « 2 A ChCWWfi 8 T 1 lbaI arc known - For 

capsicum, chamomile, cat's claw, ^DKet r gw&S»r SSSij 8 ™ * l0W ° r high moislure ' 

ginko, various ginseng, green tea. golden seal ta^ (Tb^^ 

nettle, passion flower, saw palmetto, St. John's wort, and contain denial agents. 8 8 h ' y 

valerian. Also included are mineral supplements such as Phwirai mnHifi^hW .u. 
calcium, copper, iodine, iron, magnesium, manganese" » wiK& ^ 

molybdenum, phosphorous, selenium and zinc. Other nutra- in stick chewing gum as well as torn me^coaS^ 

ceuticals that also can be added to chewing gum as active increasing the Nubility or d&S nie^H^SiE 

agents are benzoin, fructo-oligosaccharides, glucosamine, active agent may also be encapsulated or entrapped to rive 

grapeseed extract, guarana, inulin, phospbotidylserine, a delayed release from suck chewing gum and from a ium 
phytosterols, phytocbemicals, isoflavones, lecithin, 25 coating. Any standard technique which gives partial or full 

lycopene, oligofructose, polyphenol and psyllium as well as encapsulation of the active agent can be used. These tecb- 

weighl Joss agents such as chromium picolinate and phe- ni< J ucs include, but are not limited to, spray drying spray 

nylpropanolamine. 4 chilling, fluid-bed coating and coacervation. These encap- 

Preferably, the agents or medicaments are contained in the SU,a,ion lec ? in ^ ues m *l ** individually in a single step 

chewing gum formulation at levels of approximately 50 30 pTOCtss or ,D ^ combination in a multiple step process, 

micrograms to 500 milligrams. The specific levels will Ac ^ ve a fi cnte ma y be encapsulated with sweeteners, more 

depend on the active ingredient. For example, if chromium spe cifica «y high-intensity sweeteners such as thaumatin, 

picolinate is the active ingredient in an embodiment, it ^g^alcones, accsulfamc aspartame, N-substituted 

would be present at a level of 50 micrograms per serving ^ . dcnvalIVCS ™ ch 85 neotame, sucralose, alitame, sac- 

(2.8 grams stick of gum); aspirin would be preset at a level 35 ? n ° and c y cIama tes. These can also have the effect of 

of 325 milligrams per 2.8/gram serving (stick). reducing unpleasant tastes such as bitterness. Additional 

The level of medicament or agent in the chewing gum 2TT ^J 01 * ° r lasle maskers can ** combined 

formulation is selected so as to create, when tbT^mTs ™ t a g cntsa ? dswcclc ^^givea reduced unpleas- 

chewed, a sufficiently high concenlrauon [of memedicamem "i n ^ " ** ^ MBy * re,ease activc 

or agent in the saliva. 40 a B""W 

the effects set forth in the application.' It a medicament is h.™ k,vk »,.JL ^ w-r. . ! ' wnuc compositions 

u*d such as a jncdidn^t (e.g., v+^SZi £ 

Pursuant lo the present invention, depending on (be agent The amount of coating or encapsulating material on the 

or medtcament. the dosing regiment will change. For active agent also may contral the length of time for il 



US 6,949,264 Bl 
11 12 

release from chewing gum. Generally, the higher the level of onto the absorbent will vary. Generally materials like poly- 
coa ting aod the lower the amount of active agent, the slower mere or sponge-like beads or microbeads, amorphous sugars 
the release during mastication with low water soluble com- and alditols and amorphous carbowtes and hydroxides 
positions. The release rate js generally not instantaneous, but absolb abou , io% , 0 about 40% of the weight of the 
gradual over an extended period of lime for slick gum. 5 absorbent. Other materials like silicas and pharmasorb clays 
Delayed release allows the active agent to be masked in the may be able t0 absorb abouI m l0 abou , g ^ % oflhe wei i, 
mouth before being ingested thus reducing bitterness or of me absotbenl Gcnera „ w>ter hbfc absorbanls ^ 
other unpleasant asles. To obtain the delayed retease the increlse ±t re , ease mt 0 / WJ|er insolub]e actjve « 
encapsulant should be a minimum of aboul 20% of the 5 »gcuia. 
coated active. Preferably, the encapsulant should be a mini- "* g««ral procedure for absorbing active agent onto the 
mum of about 30% of the coated active, and most preferably 10 absorbent is as follows. An absorbent like fumed silica 
should be a minimum of about 40% of the coated active. powder can be mixed in a powder blender and a solution of 
Generally, water soluble encapsulating agents will increase active agent can be sprayed onto the powder as mixing 
the release rate of water insoluble active agents. continues. The aqueous solution can be about 1 to 2% solids, 
Another method of giving a modified release of active and higher solid levels to 15-30% may be used if tempera- 
agent and the other agents described herein is agglomeration 35 lures up to 90° C. are used. Generally water is the solvent, 
with agglomerating agent which partially coats the active but other solvents like alcohol could also be used if 
agents. This method includes the step of mixing active approved. As the powder mixes, the liquid is sprayed onto 
agents and an agglomerating agent with a small amount of the powder. Spraying is slopped before the mix becomes 
water or solvent. The mixture is prepared in such a way as damp. The still free-flowing powder is removed from the 
to have individual wet particles in contact with each other so 20 m jx er and dried to remove the water or other solvent, and is 
that a partial coating can be applied. After the water or other then ground to a specific particle size, 
solvent is removed, the mixture is ground and used as a Aff ^ # . . . . . - , 
powdered active agent. thc u a f vc a f D f 1S absort > cd L or fixed onto an 
w a • i «u 4 u a it i absorbent, the fixative/active agent can be coated by encan- 
Matenals that can be used as the agglomerating agent are c.-.k., a,h ~ — •:„. - , L j 
the same as those used in encapsulation mentioned previ- 25 f"™: Elthc * m °. P artial encapsulation may be used, 
ously. Some of the better agglomerating agents for delayed * c P cndlD S °n «be coaung composition used m the process, 
release are the organic polymers like acrylic polymers and Fu l "capsulaUon may be obtained by coating with a 
copolymers, polyvinyl acetate, polyvinylpyrrolidone, P°lymer as in spray drying, spray chilling, fluid-bed coating, 
waxes, shellac and Zein. Other agglomerating agents are not coapervation, or any other standard technique. A partial 
as effective in giving a delayed release as are the polymers, 30 encapsulation or coating can be obtained by agglomeration 
waxes, shellac and Zein, but can be used to give some ° f ^ fixative/active agent mixture using any of the mate- 
delayed release. Other agglomerating agents include, but are discussed above. 

not limited to, agar, alginates, a wide range of water soluble Another form of encapsulation is by entrapment of an 

cellulose derivatives like ethyl cellulose, methyl cellulose, ingredient by fiber extrusion or fiber spinning into a poly- 
sodium hydroxymethyl cellulose, hydroxypropylmethyl 35 mer. Polymers that can be used for extrusion are PVAC, 

cellulose, dextrin, gelatin, modified starches, and vegetable bydroxypropyl cellulose, polyethylene and other types of 

gums like guar gum, locust bean gum and carrageenan. Even plastic polymers. A process of encapsulation by fiber extru- 

though the agglomerated active agent is only partially sion is disclosed in U.S. Pat. No. 4,978^37, which is hereby 

coated, when the quantity of coating is increased compared incorporated by reference. The water insoluble polymer may 
to the quantity of the active agent, the release can also be 40 be preblended with caffeine or other active agents prior to 

modified. The level of coating used in the agglomerated fiber extrusion, or may be added after the polymer is melted, 

product is a minimum of about 5%. Preferably, the coaling As the extrudate is extruded, it results in small fibers that are 

level is a minimum of about 15% and more preferably about cooled and ground. This type of encapsulation/entrapment 

20%. Depending on the agglomerating agent, a higher or generally gives a very long, delayed release of an active 
lower amount of agent may be needed to give the desired AS ingredient. 

release of the active agent. Generally, water soluble agglo- The four primary methods to obtain a treated active agent 

merants will increase the rale of release of water insoluble are; (1) encapsulation by spray drying, fluid-bed coating, 

aclive agents. spray chilling and coacervation to give full or partial 

Active agents may be coated in a two-step process or a encapsulation, (2) agglomeration to give partial 
multiple step process. Active agents may be encapsulated 50 encapsulation, (3) fixation or absorption which also gives 

with any of the materials as described previously and then partial encapsulation, and (4) entrapment into an extruded 

the encapsulated caffeine or other active agents can be compound. These four methods, combined in any usable 

agglomerated as previously described to obtain an manner which physically modifies active agents dissolvabil- 

encapsulated/agglomerated active agent product that could ity or modifies the release of active agents, are included in 

be used in chewing gum to give a delayed release of ihe 55 this invention. 

active agent. Medicament actives may be combined in a chewing gum. 

In another embodiment of this invention, active agent In a stick gum, two, three, or more actives may be added to 

may be absorbed onto another component which is porous a single piece. One active could be encapsulated for fast 

and becomes entrapped in the matrix of the porous compo- release, another active for moderate release, and another 

nent. Common materials used for absorbing active agents 60 active for slow release. In addition, a single medicament 

include, but are not limited to, silicas, silicates, pharmasorb active could be encapsulated and entrapped to release at 

clay, sponge-like beads or microbeads, amorphous carbon- various times as the gum is being chewed. This type of gum 

ates and hydroxides, including aluminum and calcium lakes, formulation could be effective for time release medication, 

all of which result in a delayed release of caffeine or other Medicament actives may also be combined in a coaled 

active agent. 65 chewing gum product. A single active may be added to a 

Depending on the type of absorbent materials and how it gum coating for fast release and also added to the gum center 

is prepared, the amount of active agent that can be loaded with or without encapsulation for slow release. If the active 
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has an affinity for the gum base it may naturally give a slow added to the gum or gum coating separately from .he active 
release without I encapsulation If .he active is fas, release i. ingredient. Their preTence may hel P CS«Te«£S^ 

ZStEL encap or emrappcd for ,he desired or a,,ow increas * bucca V,i ^ 41 ofTheTctive 

Ume release agent trough the nasal mucosal or the lungs. These 

A c»mbinaUon of medicament acuves may be used in the s solvents, flavors, or transdeimal vehicles may transport 
gum coating and in the gum center for various reasons. In medicaments faster through the oral mucosa 

S ^ e K C4 ^LT di fr eD,S mSy be re8CtivC 10 0ne anolher Fas,er absorption may be affected by increasine flavor 
and should be kept from coming in contact with each other. levels as well as the addition of o,h« flaw? SonenU 
nomer cases, combinations of meAcaments may be used, such as menthol and menthol derivatives timonene' 
for venous symptoms where multiple medicament may be to carvone> isomenlbol, euca]ypto)i J^Zlyn^Z'. 
effective. For example, a decongestant such as pseudoepbe; phor and camphor derive**, as weU as Srotne 
dnne may be added to a gum coatmg and an antihistamine natural products, mono.e pene derTvaTvTsTnd 
such as chloropbemramme may be added to a gum center ,o sesquaterpenes, including caryophyllene and ^ ene OuTr 
treat cold/allergy symptoms. For sore throat, an oral anes- vehicles mat may be used to increase tr7n*te„™i tut „ 
meUc like dyclonine hydrochloride may be used in me gum " are: emancl^^^ M^X^ aSc 
coaung and an anubac.enal agent like cctyl pyridinium acid, Brij-35 (surfacunt), phenyl P K SbTnlne 
cblonde may be added ,o a gum center. Additionally, any ste.ryl alcohol, ce.yl alcohol. aotonrhq™rpa^affin 
other materials like dex romethoroban bydrobromide for dimethyl sulfoxide (DMSO), non-ronic surfacums' 
cough relief or an analgesic like ketoprofen may be added to liposomes, lecithin fractions, aid long chaL amphroaE 
e. ber a gun, coaung and a gum center for cold symptoms. .» molccu]es (n)olecu , es wjlh ^ Qt ^SSed^S™ 
Other combinations of medicament active agents for other one end and non-polar groups ,. the otoer end) 
types of ailments are also within the scope of this invention. [n addition, some polysaccharides such as cellulose gums 

f me memcamen were added to a coating at a very low mixed with active medicaments or mixed in the mim for- 

level, .. would soli have the effect of fas, release initially. In * mul.tion with me medicament. This m*y aUowT medi 

this case, die acuve agent may be added to the gum coaung caments to stick to me surface of the orel muco« durine 

a. a very low level beneslb its taste threshold. Additional chewing and increase oral absorption. Bk»adhesi"fmay art 

active agent ma. is encapsulated and entrapped may men be in a similar manner ,o achieve mcreaJaSon of , he 

added to (be gum center for slow release. This bitter active active medicament aosorpuon ot the 

agenl can then be kept below its taste threshold level and 30 i„ . .u t , ■ 

release slowly as me gum is being chewed, bu, the active „„ ° u ,n f» n « s k 8™ Elation may have an effect 

agent would continue ,o be releald to &t TL effS v ° en J ™ V T ZSZZlZ?? , W « l " misdbk ^=a- 
d e 61 ments may be released more slowly when using a highly 

, , j. hydrophillic gum base and more quickly from a lioonhillic 

In many instances, acuve medicament may have a low gum base. On the other band, oil miscible medicament 
quality off-taste or bmemess, especi.Uy if added to , chew- 35 release more quickly when using a^hTy"ydro2S £m 
mg gum coating, n most cases. tins off ,as,e may be masked base and more slowly from a lipophilic Lm K 
wid, high intensity sweetener, hu, ,n other insunces. a medicament may release more Jckly by uZ bfeb HUB 
bmemess inhibitor may be needed to reduce a bitter taste of solubilizers in the gum formula.km. M^icamenls may also 
a medicament. 40 be emulsified together with water soluble bulking agente ,o 

There are a wide variety of bmemess inhibitors ,ba, can increase release of die medicaments 
be used in food product as well as with active agents. Some Other gum formula modifications may also affec, the 
of the preferred bitterness inhibitors are the sodium salt release rate of medicament. Texture modifier toliften 
which are dtcussed in the article Suppression of Bitterness base may give faster release where hard bases may rive 
bySodmm. ■ Vanaton Among Bitter ^e Stimuli, by R. A. 4J slower release. Addition of alkaline materials such £ 
S. Breskn and G K_ Beceuchenp from Monell Chemical sodium bicarbonate or sodium hydroxid. mav m?kc ,ne" 
Senses Center. Phdadelph.a, Pa. Sodium salt discussed are saliva slightly alkaline, which may increase buc^Sgual 
sodium ace ate and sodium gluconate. Omer sodium salt absorption of the medicament into me blc<»dsu*Tusfof 
dia, may also be effecuve are sodium glycinate, sodium a buffer in me gum formula may affe« rebate or 
ascoroate and sodium glycerolpnosphate Among these, me J0 absorption or sbelf life of certain medicaments* supple- 
most preferred is sodium gluconate and sodium glycinate ment. Gum base made with Ulc may 
since they have a low salty taste and are mos, effective ,o and sbelf life improvement. Omer additives, such I 
reduce bmemess of mos. acuve medicament. g Mte may # w ^ of dry mou S, th M ; h 4S eb aS m M y 

Most of the sodium salt are very water soluble and are improve medicamen, absorptioo. Also, some types of hot 
readily released from chewing gum to function as biuerness 55 spicy flavors such as ginger or hot pepper may give the 
inhibitors. In mos, instances, the sodium salt which release impression of high activity of the medicament 
readily from chewing gum may be modified by encapsula- Medicament may be added to chewing gum via special 
uon to give an even faster release from chewing gnm. carriers which may affect me release rate aidit absorTuon 
However in some instances the sodium salt would be Some carriers that may be used are activated cblrwal" 
encapsulated or entrapped to give a delayed release from 60 molecular sieves, com starch gnnules. microqxmgTo; 
gum. Generally, ,be bitterness inhibitor should release with liposomes. The medicament may be sugar or po5 1 candv 
the acuve medicament for maximum effectiveness. coated, or entrapped in cyclodextrin for fasTreleaK to 

In addition to physically modifying the active medica- dissolve quickly in the mouth during chewing 
ment for fast or delayed release, medicament may be Release of the medicament from gum may also be effected 
dissolved^ solvents, flavors, or other transdermal vehicles 65 by particle size of the coaled medLmen, Small particles 
used as absomuon enhancing agent and added to gum or to release more quickly whereas lafge particles more slowly 
a gum coaung. The absorption enhancing agent may also be Fast release can also be accomplished by dissolving medi- 
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cament in a liquid and used in a liquid center gum. Some weight natural elastomer, about 5% to about 55% by weight 

medicaments may be advantageous to use in both slow and elastomer plasticizer, about 4% to about 35% by weight 

fast release. Quick release may give good oral absorption, filler, about 5% to about 35% by weight softener, and 

then slow release may result by swallowing the cud. This optional minor amounts (about 1% or less by weight) of 

may be particularly effective if a biodegradable gum base is 5 miscellaneous ingredients such as colorants, antioxidants, 

used. On the other hand, some medicaments may have an etc. 

advantage with a slow initial release, but increases later. This Synthetic elastomers may include, but are not limited to, 

can reduce side effects of the medicament and improve polyisobutylene with GPC weight average molecular weight 

adaptation to the medicament. Slow release may also be 0 f aDO ut 10,000 to about 95,000, isobutylene-isoprene 

accomplished by attaching a medicament to a polymer used ao copolymer (butyl elastomer), slyrene-butadienc, copolymers 

in the chewing gum. having styrene-butadiene ratios of about 1:3 to about 3:1, 

Release of a medicament or active agent may also be polyvinyl acetate having GPC weight average molecular 

effected by the shape and size of the chewing gum product. weight of about 2,000 to about 90,000, polyisoprene, 

Flat stick pieces of gum with large surface area may release polyethylene, vinyl acetate— vinyl laurate copolymer hav- 
actives faster into saliva from gum when chewed, whereas 35 ing vinyl laurate content of about 5% to about 50% by 

round or cube pieces may release medicaments and actives weight of the copolymer, and combinations thereof, 

more slowly. Gum formulations, especially those that are Preferred ranges for polyisobutylene arc 50,000 to 80,000 

anhydrous or have no gum softening agents may be ground GPC weight average molecular weight and for styrene- 

to a powder. This powder may be dusted onto the surface of butadiene are 1:1 to 1:3 bound slyrene-buladicne, for poly- 
another gum formulation or coated onto a ball or pillow 20 viny] acelate are io,000 to 65,000 GBC weight average 

shape gum product. This powder may also be tabletted in a molecular weight with the higher molecular weight polyvi- 

tablet press to give a unique form to be chewed for release nyl acetates typically used in bubble gum base, and for vinyl 

of its active agent. Other forms of gum to be used are rolled acetate-vinyl laurate, vinyl laurate content of 10-45%. 

sticks, or soft squeezable gum from a tube. Natural elastomers may include natural rubber such as 
Active medicaments can also be added to chewing gum 25 smoked or liquid latex and guayule as well as natural gums 

formulations that are made into tablets. Tableting of chewing such as jeiutong,. lechi caspi, perillo, sorva, massaranduba 

gum is disclosed in U.K. Patent Publication No. 1,489,832; balata, massaranduba chocolate, nispero, rosindinha, chicle, 

U.S. Pal. No. 4,753,805; EP Patent Publication No. 0 221 gulta hang kang, and combinations thereof. The preferred 

850; and Italy Patent Publication No. 1,273,487. These synthetic elastomer and natural elastomer concentrations 
patents disclose active agents added to chewing gum which 30 vary depending on whether the chewing gum in which the 

is then tableted. As an embodiment of this invention, active base is used is adhesive or conventional, bubble gum or 

agents may be encapsulated or entrapped and added to a regular gum, as discussed below. Preferred natural elas- 

cbewing gum formulation which is then tableted. In tomers include jeiutong, chicle, sorva and massaranduba 

addition, a formed chewing gum tablet may also be used as balata. 

a core for a coated chewing gum pellet that is coated with a 35 Elastomer plasticizers may include, but are not limited to, 

sugar, polyol or film. The chewing gum core may contain natural rosin esters such as glycerol esters or partially 

one active agent or multiple active medicaments and the hydrogenatcd rosin, glycerol esters of polymerized rosin, 

coating may contain one or more active medicaments. This glycerol esters of partially dimerized rosin, glycerol esters of 

form will yield unique chewing gum products. rosin, pentaerythritol esters of partially hydrogenated rosin, 

The previously described encapsulated, agglomerated or methyl and partially hydrogenated methyl esters of rosin, 

absorbed active agent may readily be added to a chewing pentaerythritol esters of rosin; synthetics such as lerpene 

gum composition. The remainder of the chewing gum ingre- resins derived from alpha-pinene, beta-pinene, and/or 

dients axe well known to those of skill in the art and are not d-limonene; and any suitable combinations of the foregoing, 
intended to be limiting to the present invention. That is, the 4J The preferred elastomer plasticizers will also vary depend- 

treated particles of active agent can be added to conventional ing on the specific application, and on the type of elastomer 

chewing gum formulations in a conventional manner. which is used. 

Treated active agent may be added to a sugar chewing gum FillersAexturizers may include magnesium and calcium 

or a sugarless chewing gum. carbonate, ground limestone, silicate types such as magne- 

In general, a chewing gum composition typically com- 50 sium and aluminum silicate, clay, alumina, talc, titanium 

prises a water-soluble bulk portion, a water-insoluble chew- oxide, mono-, di- and tri-calcium phosphate, cellulose 

able grams base portion and typically water-insoluble fla- polymers, such as wood, and combinations thereof, 

voring agents. The water-soluble portion dissipates with a Softeners/emulsifiers may include tallow, hydrogenated 

portion of the flavoring agent over a period of time during tallow, hydrogenated and partially hydrogenated vegetable 

chewing. The gum base portion is retained in the mouth 55 oils, cocoa butter, glycerol monostearate, glycerol triacetate, 

throughout the chew. lecithin, mono-, di- and triglycerides, acetylated 

The insoluble gum base generally comprises elastomers, monoglycerides, fatty acids (e.g. stearic, palmitic, oleic and 

resins, fats and oils, softeners and inorganic fillers. The gum linoleic acids), and combinations thereof 

base may or may not include wax. The insoluble gum base Colorants and wbiteners may include FD&C-type dyes 

can constitute approximately 5% to about 95% by weight of 60 and lakes, fruit and vegetable extracts, titanium dioxide, and 

the chewing gum, more commonly the gum base comprises combinations thereof. 

10% to about 50% of the gum, and in some preferred The base may or may not include wax. An example of a 

embodiments approximately 25% to about 35% by weight, wax-free gum base is disclosed in U.S. Pat. No. 5,286,500, 

of the chewing gum. the disclosure of which is incorporated herein by reference. 

In a particular embodiment, the chewing gum base of the 65 In addition to a water insoluble gum base portion, a 

present invention contains about 20% to about 60% by typical chewing gum composition includes a water soluble 

weight synthetic elastomer, about 0% to about 30% by bulk portion and one or more flavoring agents. The water 
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soluble portion can mclude bulk sweeteners high intensity medicament in the saliva (more hydrophilic balance) If the 

sweeteners, flavoring agents, softeners, emulsifiers, colors, medicament or active is water insoluble Ihe cS am 

aadulants, fillers, antioxidants, and other components that preferably includes a base/emulsifier system which lea*; to 

provide desired attributes. the desired concentration of the medicament in the saliva 

Softeners are added to the chewing gum in order to s (more lipophilic balance), 

optimize the cbewability and mouth feel of the gum. The ,n manufacturing the chewing gum including the active 

softeners, which are also known as plasticizers and plasli- a 8 eDl or ingredient, the active agent or medicament is added, 

cizing agents, generally constitute between approximately preferably, early on in the mix. The smaller the amount of 

0.5% to aboul 15% by weight of the chewing gum. The active "gredient U>e more necessary it becomes to 
softeners may include glycerin, lecithin, and combinations io P reb,cnd that particular ingredient to assume uniform dis- 

thereof. Aqueous sweetener solutions such as those contain- ^^on throughout the batch of gum. Whether a preblend 

ing sorbitol, bydrogeoated starch bydrolysates, com syrup or . T 01 * ,hc jl! ac,,v « a g enl or medicament should be 

and combinations thereof, may also be used as softeners and , u u • five minutes of mixin 8- For fa *« 

binding agents in chewing gum nltist ' JcUve a * em mav * add «l late in the process. 

Bulk sweeteners include both sugar and sugarless com- » . Ji" VT^ * manufacnjred °y sequentially 

ponents. Bulk sweeteners typically constitute JboufsSTo SS^ m™" 5 ?" m&tdieats ,0 8 «> mmer - 

abou. 95% by weight of the chewing gum, more.ypSuy S? K T ^ » mAfla *>< ^redients 

about 20% to about 80% by weight, and more commonly frZ £" '.^Wy "««d. the gum mass is discharged 

abou, 30% to about 60% by wtigbt of the gT2 S„ 0 IT" T **** desired fonn such as 

sweetener generally include saccharide^ontaining comjo « Z SrtS ^.f! W ^'^ extnldin 6 i»«o chunks 

nents commonly known in the chewing gum art, toduXg ''^^ ""o peUets which are then coated or panned, 

but not limited to. sucrose, dextrose, maltose, dextrin, dried Generally tbe ingredients are mixed by first melting the 

invert sugar, fructose, levulose, glaclose, corn syrup solids, f^K. 11? V TJ? $ Dltor - ^ base ""^ 

and tbe like, alone or in combination. Sugarless sweeteners £ X? f j* , mi ™ r A ,,s f Color or emulsifiers may 

include, but are not limited to, sugar alcohols such as 25 a . to ^ at « K (™ e - A ^ener such as glycerin may 

sorbitol, mannitol, xylitol, hydrogenated starch f . , t " Ats ^ mt j •«* sy™P «> d a portion of 

hydrolysates, maltitol, and tbe like, alone or in combination b „ U ! kln8 , a8enK F ^ her P arls of ,he bulkin 8 a 8 enI a « 

or in combinauon, wilh the above. Preferred sweeteners irmmrftVnt* a „> a HH*H ik- k.Jt f • 7* I opnonai 

s^JTdS^ Un ? d '\ sucra,ose ' aspir,ame ' 30 i^iit^«i^ir dfc, ^ w-, 

N-substituted APM derivatives such as neotame, salts of -n.- .• j . . 

acesulfame, altitame, saccharin and its salts, cyclamic acid . pr0Cedure . ,akcs from Ave to 

and its salts, glycyrrhmna.e. dibydrochalcones. thaumatin. ^TJw SnT'Z™} ^ S ° n,etimeS * 

monellin, and tbe like, alone or in combination In order to Z^K^S? J re< ? gnize ^ raany 

pmvide longer lasting sweetness and flavor perception, it 35 S ° f ab ° Ve deSCnl * d P"^™ ma y «* 

may be desirable to encapsulate or otherwise control the n. • u 

release of at least a portion of tbe artificial sweetener Such Chewing gum base and chewing gum product have been 

techniques as wet granulation, wax granulation spray manuf .«: lured conventionally using separate mixers, differ- 

drying, spray chilhng, .fluid bed coating, coacervalion and „' mUOng te f chno '°6 1 . es oft ", »l different factories, 

fiber extension may be used to achieve tbe desired release 40 ? >S0 ° ls lha, "* °P timum conditions for 

characteristics. manufacturing gum base, and for manufacturing chewing 

Cbmbinations of sugar andlor sugarless sweetenere may eTan^fiaET ^^SS^SH^T " 

be used in chewing gum. Additionally, the softener may also f ' 'S . f ™ "J"* been ""P" 61 '" 1 

pmvide additional steetness such as with aqueous^ or L „nf^ H f' C 5TT 8,110 T a manufac,urc > on 

alditol solutions « th ? . one T°' VeS ,hc dB P MS,v e (°»«> high shear) 

... . . . . mixing of difficult-to-blend ingredients such as elastomer 

If a tow calone gum is desired, a low cdonc bulking aged fii] er> elastomer plaslicizer, base softeners/emubifiera «d 

can be used^ Examples of low calone buDang agents sometimes wax, and typically requires long mixing L« 

mclude: P^xtrose; Raftilose, Raftdin; Fmctooligosac- Chewing gum product manufaXe on the oU^ hand' 

chandes CNutraFlora); PalaUnose ohgosacchande; Guar 50 involves combining the gnm base with more deS e £S 

Gum Hydrolysate (Sun Fiber); or indigestible dextrin dients such as product softeners, bulk sweetener high 

(Fibersol). However, other low calone bulking agents can be Intensity sweeteners and flavoring agents using distributive 

(generally lower shear) mixing, for shorter periods. 
A variety of flavoring agents can also be used, if desired. In order to improve the eflfciency of gum base and sum 
The flavor can be used in amounts of about 0.1 to about 15 5J product manufacture, there has been a trend toward the 
weight percent of the gum and preferably, about 0.2% to continuous manufacture of gum bases and products U S 
about 5% by weight. Flavonng agents may include essential Pat. No. 3,995,064, issued to Elugott et al discloses the 
oils, synthetic flavors or mixtures thereof including, but not continuous manufacture of gum base using a sequence of 
Umited to, oils denved from plants and fruits such as citrus mixers or a single variable mixer. U.S PaL No 4 459J11 
oils, fruit essences, peppermint oil, spearmint oil, other mint «, issued to DeTora et al., also discloses the continuous manu- 
oils. clove oil, oil of wmtergreen, anise and the like. Arti- facture of gum base using a sequence of mixers Other 
ficial flavonng agents and components may also be used. continuous gum base manufacturing processes are disclosed 
Natural and artificial flavoring agents may be combined in in European Publication No. 0,273,809 (General Foods 
any sensorially acceptable fashion. France) and in French Publication No. 2,635,441 (General 

If the medicament or active is water soluble in tbe 65 Foods France), 
chewing gum, it preferably wfll include a base/emulsifier U.S. Pat. No. 5,045,325. issued to Lesko et al and U S 
system which leads to the desired concentration of the Pat. No. 4,555,407, issued to Kramer et al., disclose pro-' 
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cesses for the continuous production of chewing gum prod- conventional panning techniques to make a unique coated 

ucts. In each case, however, the gum base is initially pellet gum. The active agent may be soluble in flavor or can 

prepared separately and is simply added into the process. be blended with other powders often used in some types of 

U.S. Pal. No. 4,968,511, issued to D' Amelia el al, discloses conventional panning procedures. Active agents are isolated 

a chewing gum product containing certain vinyl polymers 5 fr° m other gum ingredients which modifies its release rale 

which can be produced in a direct one-slep process not from chewing gum. Levels of actives may be about lOppm 

requiring separate manufacture of gum base. t0 5% by weight of chewing gum coating. The weight of the 

Active medicaments may also be added to chewing gum ^ J* ab ? ul 20% l ° aboul 50% of of 

products made by a continuous process. U.S. Pat Nos. fimsbtd J 10 *** but may be as mucb as 75% of lhc lolal 

5,543,160 and 5,800,847 disclose a continuous process 30 gu "J P roducL 

using a single extruder to make the gum base and the gum Conventional panning procedures generally coat with 

product. U.S. Pat. Nos. 5,397,580 and 5,523,097 disclose a sucrosc . but re** 1 advances in panning have allowed use of 

continuous process using two or more extruders for base and ^ carboh y dr * lc materials to be used in place of sucrose, 

chewing gum mixing. US. Pat. Nos. 5,419,919 and 5,571, Some of «*>P°n?n* mc tode, but are not limited to, 

543 disclose a continuous process using a paddle type mixer dextrose maltose, palaunose, xylite], lactilol, hydrogenated 

which has low pressure and high residence time for adequate ^nialtulose, erythntol maltitol, and other new alditols or 

mixing combmations thereof. These materials may be blended with 

Active medicaments, whether encapsulated, entrapped or ^S^S^S^^' M ^ ? *"* 

u jj j . .• , . r J nr^- maltodextnns, corn syrup, gelatin, cellulose tvoe materials 

not, can be added a. any ume during the conUnuous mixing ^ urboxy] ^ thy ] ^ft", or bydroxyme by? So* 
process. Generally, actives would probably be added in fee 20 SUuc b ^ m^«d st^, vegcublesSE Sate 

gum mixing actions. Specific advantages to adding active locust bean J JgS 

medicaments to a continuous process of manufacturing gum C4rboDItes ^ calcium c^tonateVm^ium Snl 

.«matmorethoroughm,xmg B a^mph^edmm B type and la]c also b< adXTas P S 

of process with lower amount of residence Ume of tbe active modifi whicfa ^ the use of , variet J of carbohydTe! 

agent a. high temperatures durmg processing. The enclosed * ind £ be ^ fa Jjjj 

system used in conunuous processing can resu t in more „,„„*A r ^.i^ ««« «.«^»^. ci T ; , 

thorough mixing, better reproducibility of the amount of £2?!"™ StCriS^.^ ™JL^ >dded 

... . . • j , « » « . witn the sugar or sugarless coating and with the active to 

active within ttie gum matrix, and less loss m the amount of ield uni 8 prod ucl characteristics. 

the active medicament. . , r . . , , , . . 

. .. ,. . t . .. .. .. 30 Another type of pan coating could also isolate the active 

Another method of treating the medicament or active agenl from me chewi i„ gredi e nls . mis technique is 

agent is to physically isolate the active agent from other referred t0 ^ a film ^ is more f 

chewing gum ingredients to effect its retease rate and pharmaceuUcals than in chewing gum, but procedures are 

stability. The active agent may be added to the liquid inside similar . A film ^ shel]aCi asin * | J ceUulose P [ype materia , 

a liquid center gum product. The center fill of gum producl k applied onto a pe]i et . tV pe product forming a thin film on 

may comprise one or more carbohydrate syrups, glycerin, te surface of lbe ^ film h ^ . , . 

thickeneis, flavors, acidulants, colors sugars and sugar p olymer , p^izer Md a MNent / re ,j* 

alcohols in convenuonal amounls/Tbe ingredients are com- and M lbe mixlure onlo fc peUefsurface. This is done 

bmed ,n a conventional manner. The total amount of active in conV entional type panning H equipmeDt> or ;„ more 
agent may be dissolved in the center-fill liquid. This method <Q advaDced side . venle d coating pans. Since most acuve agents 

of usmg active agent in chewing gum may give a more may ^ alcohol Mluble( they ma be readfl addwJ 

controHed release rale, and may reduce or eliminate any type of film . when a solvent like an alcohol is used extra 

possible reaction with gum base, flavor components^ or other precaulions m needed l0 preven , fires a „ d e ^ losion ' and 

components, yielding improved shelf stability. A liquid- specialized equipment must be used 

center gum may also be coated with a sugar, polyol or film i$ Some &]m , caD ^ water as ^ ^ in &]m 

to yield a umque chewing gum product. coating. Recent advances in polymer research and 11 fito 

Another method of isolating medicaments or active agents coating technology eliminates the problem associated with 

from other chewing gum ingredients is to add active agents the use of solvents in coating. These advances make it 

to the dusting compound of a chewing gum. A rolling or possible to apply aqueous films to a pellet or chewing gum 
dusting compound serves to reduce sticking to machinery as 50 product Some active agents can be added to this aqueous 

it is wrapped, and sticking to its wrapper after it is wrapped film or even lbe alcohol solvent film, in which an active 

and being stored. The rolling compound comprises active agent is highly soluble. This film may also contain a flavor 

agents in combination with mannitol, sorbitol, sucrose, along with a polymer and plasucizer. The active agenl can 

starch, calcium carbonate, talc, other orally acceptable sub- also be dissolved in tbe aqueous solvent and coated on the 

stances or a combination thereof. The rolling compound 55 surface with the aqueous film. This will give a unique 

constitutes firom aboul 0.25% to aboul 10.0% or about 1% to sweetness release to a film-coated product 

about 3% of weight of the chewing gum composition. This After a coating film with an active medicament is applied 

method of usmg active agents in the chewing gum can allow t0 a chewing ^ product> a hard she „ Qr "V , 

a tower usage level, can give a more controlled release rate. ^ting m ay then be applied over tbe film coated product In 

and can reduce or eliminale any possible reaction with the (0 ^mc instances a soft shell sugar or polyol coating may ako 

gum base, flavor components, or other components, yielding be used over the film ^ ^ J film 

improved self stability. coating applied to a pellet gum may be generally about 0.5% 

Another method of isolating medicament or active agents to about 3% of the gum product. The level of overcoating of 

is to use it in tbe coating/panning of a pellet chewing gum. tbe hard or soft shell may be about 20% to about 60%. When 

Pellet or ball gum is prepared as conventional chewing gum as the active agenl is added with the film coating and not with 

but formed into pellets thai are pillow shaped, or into balls. tbe sugar/polyol coating, belter control of the amount of 

The pellets/balls can be then sugar coated or panned by active agenl in the product may be obtained. In addition, the 
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sugar/polyol overcoating may give an improved stability to In general, a plurality of layers is obtained by applying 

a Th^ * ,L r ' ■ • ™& COals ' allowin g «* ^ to dry, Ken 22 

nol ? d abovc ' lhc °° alin fi ma V ingredients such the process. The amount of solids added by each coating s en 

as flavonng agents, as well as artificial sweeteners and depends chiefly on the concentrating J Z J£r 8 P 
dispersing agents, coloring agents, film formers and binding 5 Any nuraK m 
agents. Flavoring agents contemplated by the present inven- Z>L P ™ f ' k J ™ ™l ]t apP [ ,Cd **** Ura anter 
uon include those commonly known in the art such L ™tL™Z £ T,^ 75 - 100 coats are 
essential oils, synthetic flavors or mixtures thereof, includ- !" * °, CCDtCr lab,Cts ' Uc P"*" 1 invcmion 

ing but not limited to oils derived from plants and fruits such comcm P lalcs applying an amount of syrup sufficient to yield 
as citrus oils, fruit essences, peppermint oil, spearmint oil 8 °° <* mcstiblc containing about 10% to about 65% 
other mint oils, clove oil, oil of wintcrgreen, anise and the 30 Wherc hi £ her dosa fi c of an active agent is needed, 

like. The flavoring agents may be used in an amount such fina] P roducl ma y 06 than 65% coating, 

that the coating will. contain from about 0.2% to about 3% Those skilled in the art will recognize that in order to 
flavoring agent, and preferably from about 0.7% to about oblai ° * plurality of coated layers, a plurality of premeasured 
2.0% flavoring agent. aliquots of coating syrup may be applied to the gum center 

Artificial sweeteners contemplated for use in the coaling 35 la M ct s. It is contemplated, however, that the volume of 
include but are not limited to synthetic substances, aliquots of syrup applied to the gum center tablets may vary 
saccharin, thaumatin, alitame, saccharin salts, aspartame, throughout the coating procedure. 
N-substituted APM derivatives such as neotame, sucralose Once a coating of syrup is applied to the gum center 
and acesulfame-K. The artificial sweetener may be added to tablets, the present invention contemplates drying the wet 
the coating syrup in an amount such that the coating will 20 syrup in an inert medium. A preferred drying medium 
contain from about 0.01% to about 0.5%, and preferably comprises air. Preferably, forced drying air contacts the wet 
from about 0.1% to about 0.3% artificial sweetener. syrup coating in a temperature range of from about 70° to 

Dispersing agents are often added to syrup coatings for aD0Ul E More preferably, the drying air is in the 
the purpose of whitening and tack reduction. Dispersing temperature range of from about 800 to about 100° F. The 
agents contemplated by the present invention to be 25 "^eDu'on also contemplates that the drying air possess a 
employed in the coating syrup include titanium dioxide, talc, relative humidity of less than about 15 percent. Preferably, 
or any other anlistick compound. Titanium dioxide is a ^ relative humidity of the drying air is less than about 8 
presently preferred dispersing agent of the present invention. percent. 

The dispersing agent may be added to the coating syrup in 3Q The drying air may be passed over and admixed with the 
amounts such that the coating will contain from about 0.1% syrup coated gum centers in any way commonly known in 
to about 1.0%, and preferably from about 0.3% to about the art. Preferably, the drying air is blown over and around 
0.6% of the agent. or through the bed of the syrup coated gum centers at a flow 

Coloring agents are preferably added directly to the syrup ralc » for large scale operations, of about 2800 cubic feet per 
in the dye or lake form. Coloring agents contemplated by the 3S minute. If lower quantities of material are being processed, 
present invention include food quality dyes. Film formers or # smaller equipment is used, lower flow rales would be* 
preferably added to the syrup include methyl cellulose, used- 

gelatins, hydroxypropyl cellulose, ethyl cellulose, hydroxy-' For many years, flavors have been added to a sugar 
ethyl cellulose, carboxymeihyl cellulose and the like and coating of pellet gum to enhance the overall flavor of gum 
combinations thereof. Binding agents may be added either 40 These flavors include spearmint flavor, peppermint flavor 
as an initial coaling on the chewing gum center or may be wintergrecn flavor, and fruit flavors. These flavors are gen- 
added directly into the syrup. Binding agents contemplated erally preblended with the coating syrup just prior lo apply- 
by the present invention include gum arabic, gum talha ing il to the core or added together lo the core in one or more 
(another type of acacia), alginate, cellulosics, vegetable coating applications in a revolving pan containing the cores, 
gums and the like. 45 Generally, the coating syrup is very hot, about 130° lo 200° 

The coating is initially present as a liquid syrup which F -» and the flavor may volatilize if preblended with the 
contains from about 30% to about 80% or 85% of the coaling syrup loo early. 

coating ingredients previously described herein, and from The concentrated coating syrup is applied to the gum 
aboul 15% or 20% to about 70% of a solvent such as water. cores as a hot liquid, the sugar or polyol allowed lo 
In general, the coating process is carried out in a rotating 50 crystallize, and the coating then dried with warm dry air 
pan. Sugar or sugarless gum center tablets to be coaled arc This is repeated in about 30 to 80 applications to obtain a 
placed into the rotating pan to form a moving mass. hard shell coated product having an increased weight gain of 

The material or syrup which will eventually form the about 40% to 75%. A flavor is applied with one, two, three 
coaling is applied or distributed over the gum center tablets. or even four or more of these coating applications. Each time 
Flavoring agents may be added before, during and after 55 flavor is added, several non-flavored coatings are applied lo 
applying the syrup to the gum centers. Once the coating has cover the flavor before the next flavor coal is applied. This 
dried to form a hard surface, additional syrup additions can reduces volatilization of the flavor during the coating pro- 
be made to produce a plurality of coatings or multiple layers cess. 

of hard coating. For mim flavors SUCD spcarminlf peppermint and 

In a hard coating panning procedure, syrup is added to the 60 wintergrcen, some of the flavor components are volatilized 
gum center tablels at a temperature range of from about 100° but sufficient flavor remains to gfve a product having a 
F. to aboul 240° F. Preferably, the syrup temperature is from strong, high impact flavor. Fruit flavors, that may contain 
about 130° F. to aboul 200° F. throughout the process in esters, arc more easily volatilized and may be flammable 
order to prevent the polyol or sugar in the syrup from and/or explosive and therefore, generally these type of fruit 
crystallizing. The syrup may be mixed with, sprayed upon, 65 flavors are not used in coatings. 

poured over, or added lo the gum cenler tablels in any way In an embodiment of this invention, an active aeeni is 
known 10 those skilled in the art. preblended with a gum arabic solution to become a palte and 
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ihcn applied lo the cores, lb reduce stickiness, the preblend 
may be mixed with a small amount of coaling syrup before 
being applied. Forced air drying is then continued as the 
gum arabic binds the active agent to the cores. Then addi- 
tional coatings are applied to cover the active agent and 
imbed the treated active agent in the coatings. 

Gum Formulation Examples 

The following examples of the invention and comparative 
examples arc provided by way of explanation and illustra- 
tion. 

As noted earlier, the gum formulas can be prepared as 
slick or lab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas for pellet centers 
are generally adjusted to a higher level of gum base to give 
a more consumer acceptable size of gum bolus. 

Keeping this in mind, if a coating of about 25% of the 
total product is added to a pellet core as sugar or polyols, the 
gum base in the pellet core should also be increased by 25%. 
Likewise, if a 33% coating is applied, the base levels should 
also be increased by 33%. As a result, gum centers are 
usually formulated with about 25% lo about 40% gum base 
with a corresponding decrease in the other ingredients 
except flavor. Even higher levels of base may be used if an 
active is added lo a pellet coaling. Generally flavors increase 
with the level of gum base as the base tends to bind flavors 
into the gum and more flavor is needed to give a good 
flavorful product. However flavors can also be added to the 
coating to give increased flavor impact and more flavor 
perception. 

A wide range of changes and modifications lo the embodi- 
ments of the invention described above will be apparent to 
persons skilled in the art. For example, while the invention 
is described with respect to bard-coated chewing gum, it will 
be appreciated that the process is applicable to coating other 
food products, such as candies, in which a coating with 
dyclonine hydrochloride would have utility. 

EXAMPLES 
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TABLE 1 -continued 



5 


EX. 1 


fWEIGHT PERCENT} 
EX. 2 EX. 3 EX. 4 EX. 5 


EX. 6 EX. 7 EX. 8 


LIQUID/ 


0.3 


1.0 2.0 2.0 2.0 


1.0 16.9 30.0 


ACTIVE 








BLEND 









10 



15 



20 



25 



30 



35 



40 



Example 1 

Dyclonine hydrochloride powder can be added directly to 
the gum. 

Example 2 

A 1 gram quantity of dyclonine hydrochloride can be 
dissolved in 9 grams of water giving a 10% solution and 
added to gum. 

Example 3 

A 1 gram quantity of dyclonine hydrochloride can be 
dissolved in 9 grams of water and mixed with 10 grams of 
glycerin and added to the gum. 

Example 4 

A 1 gram quantity of dyclonine hydrochloride is mixed 
with 19 grams of glycerin giving a 5% solution and added 
to gum. 

Example 5 

A 1 gram quantity of dyclonine hydrochloride is mixed 
with 19 grams of propylene glycol giving a 5% solution and 
added to gum. 

Example 6 
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A 1 gram quantity of dyclonine hydrochloride is dissolved 
in 9 grams of ethanol, which is then mixed with 90 grams of 
peppermint flavor and added to gum. 



Example 7 

A 1 gram quantity of dyclonine hydrochloride is dissolved 



The following examples of the invention and comparative 
examples arc provided by way of explanation and illustra- 
tion. 

The formulas listed in Table 1 comprise various sugar- 
type formulas in which active medicament can be added to 
gum after it is dissolved in water or mixed with various 

aqueous solvents. Dyclonine hydrochloride is an active 50 in 168 g rams of °° m svni P and added to chewing gum. 
medicament used as an oral anesthetic for sore throat. These 
formulas give a 3 gram stick with 3 mg of dyclonine Example 8 

hydrochloride. 

To a 200 gram quantity of corn syrup is added 100 grams 
TABLE 1 55 of 8 ,vccrin - To mixture is added 1 gram of dyclonine 

^ — — hydrochloride and blended. This mixture is then added to 

(WEIGHT PERCENT) gum. 

In the next examples of sugar formulations, dyclonine 
hydrochloride can be dissolved in water and emulsifiers can 
60 be added to the aqueous solution. Example solutions can be 
prepared by dissolving 10 grams of dyclonine hydrochloride 
in 75 grams of water and adding 15 grams of emulsifiers of 
various hydrophilic-lipophilic balance (HLB) values to the 
solution. The mixtures can then be used in the following 
65 formulas. Example 9 uses a mixture of dyclonine hydro- 
chloride and water with no emulsifier. The HLB value of the 
emulsifiers used in Examples 10-14 are listed in Table 2. 



EX. 1 EX. 2 EX. 3 EX. 4 EX. 5 EX. 6 EX. 7 EX. 8 



SUGAR 


62.5 


64.6 


63.6 


65.0 


65.0 


63.0 


61.6 


47.0 


BASE 


19.2 


19.2 


19.2 


19.2 


19.2 


19.2 


19.2 


19.2 


CORN 


15.9 


12.9 


12.9 


12.9 


12.9 


15.9 


0.0 


2.9 


SYRUP 


















PEPPER- 


0.9 


0.9 


0.9 


0.9 


0.9 


0.0 


0.9 


0.9 


MINT 


















F1AVOR 


















GLYC- 


1.4 


1.4 


1.4 


0.0 


0.0 


0.9 


1.4 


0.0 


ERIN 



















SUGAR 
BASE 

CORN SYRUP 
GLYCERIN 
DEXTROSE 
MONO- 
HYDRATE 
PEPP. FLAVOR 
ACTIVE AGENT 
EMULSOTER/ 
WATER 
MIXTURE 
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TABLE 2 



OVEIGHT PERCFNTj 



EX. 9 


EX.30 


EX. J3 


EX. J2 


EX. 33 


EX. 34 


54.7 


54.7 


54.7 


54.7 


54.7 


54.7 


J9.2 


39.2 


39.2 


39.2 


39.2 


39.2 


32.9 


319 


319 


319 


32.9 


12.9 


a. 4 


3.4. 


3.4 


3.4 


1.4 


1.4 


9.9 


9.9 


9.9 


9.9 


9.9 


9.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


1.0 


3.0 


3.0 


3.0 


3.0 


3.0 


None 


HLB-2 


HLB - 4 


HLB - 6 


HLB - 9 


HUB - 32 
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25 



Examples 15-20 

The same as the formulations made in Examples 9-14, 
respectively, except that the flavor can be mixed together 
with the aqueous dyclonine hydrochloride solution and 
emulsified before adding the mixture to the gum batch. 

The following Tables 3 through 10 are examples of gum 
formulations that demonstrate formula variations in which 
dyclonine hydrochloride may be used. The active agent may 
be added with or without encapsulation, or may be treated 
for fast release. 

Examples 23-24 in 'fable 3 demonstrates the use of 
dyclonine hydrochloride in low-moisture sugar formulations 30 
showing less than 2% theoretical moisture: 

TABLE 3 



TABLE 4-conu'nued 





(WEIGHT PFRPFNTT) 








EX.25 


EX. 26 


EX. 27 


EX.28 


DEXTROSE 


10.0 


30.0 


30.0 


30.0 


MONOHY- 








DRXTE 










GLYCERIN* 


3.4 


3.4 


3.4 


7.4 


FLAVOR 


0.9 


0.9 


0.9 


0.9 


ACTIVE 


0.3 


0.3 


0.3 


0.3 


DYCLONINE 








HYDRO- 










CHLORIDE 











(WEIGHT PERCENT) 
EX. 23 EX. 22 EX. 23 



•Cora syrup U evaporated to 85% solids, 35% moisture 
Glycerin and syrup may be blended and co-evaporated 



EX.24 



SUGAR 


58.8 


58.6 


58.8 


54.6 


GUM BASE 


39.2 


39.2 


39.2 


19.2 


CORN* 


6.0 


6.0 






SYRUP 










DEXTROSE 


30.0 


30.0 


30.0 


10.0 


MONOHY- 








DRATE 










LACTOSE 


OS) 


0.0 


0.0 


5.0 


GLYCERIN** 


5.0 


5.0 


33.0 


30.0 


FLWOR 


0.9 


0.9 


0.9 


0.9 


ACTIVE 


0.3 


0.3 


0.1 


0.3 


DYCLONINE 








HYDRO- 










CHLORIDE 











35 



40 



45 



TABLE 5 



(WEIGHT PERPFWr} 

EX. 29 EX. 30 EX. 33 



EX. 32 



■Corn syrup is evaporated to 85% solids, 35% moisture 

b G!ycerifl and syrup may be blended and co-evaporated 50 

Examples 25-28 in Table 4 demonstrate the use of dyclo- 
nine hydrochloride in medium-moisture sugar formulations 
having about 2% to about 5% moisture. 

Examples 29-32 in Table 5 demonstrate the use of dyclo- 55 
nine hydrochloride in high-moisture sugar formulations hav 
ing more than about 5% moisture. 



SUGAR 


50.9 


50.7 


49.9 


49.7 


GUM BASE 


24.0 


24.0 


24 0 


24.0 


CORN 


24.0 


24.0 


24.0 


24.6 


SYRUP 










GLYCERIN 


0.0 


0.0 


3.0 


0.4 


FLAVOR 


1.0 


3.0 


1.0 


3.0 


ACTIVE 


0.3 


0.3 


0.3 


03 


DYCLONINE 






HYDRO- 










CHLORIDE 











Examples 33-36 in Table 6 and Examples 37-44 in Tables 
7 and 8 demonstrate the use of dyclonine hydrochloride in 
low- and high-moisture gums that are sugar-free. Low- 
moisture gums have less than about 2% moisture, and 
high-moisture gums have greater than 2% moisture 



TABLE 6 



TABLE 4 



EX. 25 EX. 26 EX. 27 



60 



EX.28 



SUGAR 
GUM BASE 
CORN 
SYRUP* 



53.4 53.2 53.4 49.7 

39.2 39.2 19.2 39.2 

15.0 35.0 13.0 12.5 



65 





fWEIGHT PERCENT) 








EX.33 


EX.34 


EX.35 


EX. 36 


BASE 


25.5 


25.5 


25.5 


25.5 


SORBITOL 


50.9 


50.7 


48.9 


45.7 


MANN1TOL 


32.0 


32.0 


32.0 


32.0 


GLYCERIN 


30.0 


30.0 


32.0 


15.0 


FLAVOR 


1.5 


IS 


1.5 


1.5 


ACTIVE 


0.1 


03 


0.3 


03 


DYCLONTNE 








HYDRO- 










CHLORIDE 
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TABLE 7 



(WEIGHT PERCENT) 
EX. 37 EX. 38 EX. 39 



EX.40 



BASE 


25.5 


25.5 


25.5 


25.5 


SORBITOL 


50.9 


50.7 


40.9 


40.7 


LIQUID 


30.0 


10.0 


20.0 


20.0 


SORBITOL' 










MANNITOL 


10.0 


30.0 


10.0 


10.0 


GLYCERIN 


2.0 


2.0 


2.0 


2.0 


FLAVOR 


3.5 


1.5 


1.5 


1.5 


ACTIVE 


0.1 


0.3 


0.1 


0.3 


DYCLONINE 










HYDRO- 










CHLORIDE 











"Sorbitol liquid contains 70% sorbitol, 30% water 
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15 



TABLE 8 



(WEIGHT PERCENT) 
EX. 43 EX. 42 EX. 43 



EX.44 



BASE 


25.5 


25.5 


25.5 


255 


SORBITOL 


50.9 


48.7 


44.9 


42.7 


HSH SYRUP* 


10.0 


30.0 


10.0 


10.0 


MANNITOL 


8.0 


8.0 


8.0 


8.0 


GLYCERIN' • 


4.0 


6.0 


10.0 


12.0 


FLAVOR 


1.5 


1.5 


1.5 


3.5 


ACTIVE 


0.1 


0.3 


0.1 


0.3 


DYCLONINE 








HYDRO- 










CHLORIDE 











'Hydrogenated starch hydrolyzale syrup 
••Glycerin and HSH syrup may be blended or co-evaporated 

Table 9 shows sugar chewing formulations that can be 
made with various types of sugars. 



TABLE 9 ■ 

(WEIGHT PERCENT) 

EX.45 EX.46 EX.47 EX.48 EX.49 EX.50 EX.51 EX.52 EX.53 EX.54 EX.55 EX.56 



GUM BASE 


19.2 


19.2 


19.2 


19.2 


19.2 


19.2 


19.2 


19.2 


39.2 


19.2 


19.2 


19.2 


SUCROSE 


49.4 


48.2 


44.4 


39.2 


34.4 


42.2 


34.4 


43.2 


34.4 


43.2 


42.4 


45.2 


GLYCERIN 


1.4 


2.4 


3.4 


6.4 


1.4 


3.4 


1.4 


2.4 


3.4 


2.4 


1.4 


3.4 
31.0 
5.0 


CORN SYRUP 


14.0 


14.0 


14.0 


14.0 


14.0 


14.0 


14.0 


14.0 


34.0 


14.0 


11.0 


DEXTROSE 


5.0 


5.0 






30.0 


5.0 


10.0 


5.0 


30.0 


5.0 


10.0 


LACTOSE 


5.0 


5.0 


10.0 


30.0 


















FRUCTOSE 


5.0 


5.0 


10.0 


10.0 


30.0 


5.0 


10.0 


5.0 


30.0 


5.0 


5.0 


5.0 
5.0 


INVERT SUGAR 










10.0 


10.0 


10.0 


30.0 






5.0 


MALTOSE 


















10.0 


10.0 




CORN SYRUP 




















5.0 


5.0 


SOLIDS 






















PEPPERMINT 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


FLAVOR 




















ACTIVE 


0.1 


0.3 


0.1 


0.3 


0.1 


0.3 


0.1 


0.3 


0.1 


0.3 


0.1 


0.3 


DYCLONINE 


















HYDRO- 


























CHLORIDE 



























Table 10 shows chewing gum formulations that are free of 
sugar. These formulations can use a wide variety of other 
non-sugar alditols. 

TABLE 10 



(WEIGHT PERCENT) 





EX. 57 


EX. 58 


EX. 59 


EX.60 


EX. 61 


EX. 62 


EX. 63 


EX 64 


EX.65 


EX. 66 


EX. 67 


EX. 6* 


GUM BASE 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


GLYCERIN 


8.0 


8.0 


8.0 


8.0 


8.0 


2.0 


8.0 


8.0 


8.0 


2.0 


8.0 


2.0 


SORBITOL 


47.9 


37.7 


37.9 


32.7 


31.9 


29,7 


41.9 


36.7 


31.9 


40.7 


29.9 


29.7 


MANNITOL 




10.0 


30.0 


10.0 


10.0 


6.0 


8.0 


8.0 


8.0 








SORBITOL 


17.0 


17.0 










5.0 












LIQUID 


























LYCASIN 






17.0 


12.0 


8.0 


20.0 




5.0 


5.0 


5.0 


10.0 


20.0 


MALTTTOL 








10.0 








5.0 










XYJJTOL 










15.0 


15.0 








15.0 


15.0 


11.0 


lactttol 














10.0 


10.0 


10.0 








PALXTTNIT 


















30.0 


30.0 


10.0 


30.0 


FLAVOR 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


35 


3.5 


1.5 


1.5 


ACTIVE 


0.1 


0.3 


0.1 


0.3 


0.1 


0.3 


0.3 


0.3 


0.1 


0.3 


0.3 


0.3 


DYCLONINE 






















HYDRO- 


























CHLORIDE 
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High-intensity sweeteners (HIS) such as aspartame, 
acesulfame K, or the salts of acesulfaroe, cyclamate and its 
salts, saccharin and its salts, alitame, neotame, sucralose, 
tbaumatin, moncllin, dihydrochalcone, stevioside, 
glycyrrhizin, and combinations thereof may be used in any 
of the Examples listed in Tables 3, 4, 5, 6, 7, 8, 9 and 10. 
Since dyclonine hydrochloride may reduce sweetness, HIS 
may be used in sugar gum, and some of the aldilols in 
sugar-free gum are less sweet than sugar so higher levels of 
HIS may be needed to obtain the proper level of sweetness. 

High-intensily sweeteners may also be modified to control 
their release in those chewing gum formulations. This can be 
controlled by various methods of encapsulation, 
agglomeration, absorption, or a combination of methods to 
obtain either a fast or slow release of the sweetener. Sweet- 
ener combinations, some of which may be synergistic, may 
also be included in the gum formulations. 

Example 69 — A 50% shellac, 50% active dyclonine 
hydrochloride powder mixture is obtained by spray drying 
an appropriate ratio alcohoVshellac/dyclonine hydrochlo- 
ride mixture at 10% solids. 

Example 70— A 70% Zein, 30% active dyclonine hydro- 
chloride powder mixture is obtained by spray drying an 
alcohol/Zein/dyclonine hydrochloride mixture at 10% sol- 
ids. 

Example 71— A 40% shellac, 60% active dyclonine 
hydrochloride powder mixture is obtained by fluid-bed 
coating dyclonine hydrochloride with an alcohol/shellac 
solution at 20% solids. 

Example 72— A 40% Zein, 60% active dyclonine hydro- 
chloride powder mixture is obtained by fluid-bed coating 
dyclonine hydrochloride with an alcohol/Zein solution of 
20% solids. 



30 
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Example 73— A 70% wax, 30% active dyclonine hydro- 
chloride powder mixture is obtained by spray chilling a 
mixture of molten wax and dyclonine hydrochloride. 

Example 74 — A 70% Zein, 30% active dyclonine hydro- 
chloride powder mixture is obtained by spray drying an 
aqueous mixture of dyclonine hydrochloride and Zein dis- 
persed in an aqueous, higb-pH (pH of 11.6-12.0) media at 
10% solids. 

Examples 69-74 would all give nearly complete encap- 
sulation and would delay the release of dyclonine hydro- 
chloride when used in the sugarless gum formulation. The 
higher levels of coating would give a longer delayed release 
of sweetener than the lower levels of coating. 

Other polymers that are more water soluble would have 
less of an effect of delaying the release of the dyclonine 
hydrochloride if used in the coating. 

Example 75— A 30% hydroxpropylmethyl cellulose 
(HPMC), 70% dyclonine hydrochloride powder mixture is 
obtained by fluid-bed coating dyclonine hydrochloride with 
an aqueous solution of HPMC at 10% solids. 

Example 76— A 50% maltodextrin, 50% active dyclonine 
hydrochloride powder mixture is obtained by spray drying 
an aqueous mixture of dyclonine hydrochloride and malto- 
dextrin at 20% solids. 

Example 77— A 40% gum arabic, 60% active dyclonine 
hydrochloride powder mixture is obtained by fluid-bed 
coating dyclonine hydrochloride with an aqueous solution of 
gum arabic at 20% solids. 

The coated dyclonine hydrochloride from Examples 
75-77, when used in a chewing gum formula, would give a 
fast release of active agents. 

Dyclonine hydrochloride could also be used in gum as an 
agglomerated active agent to give delayed sweetness 
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release. Agglomerated active agent can be prepared as in the 
following examples: 

Example 78— A 15% hydroxypropylmethyl cellulose 
(HPMC), 85% active dyclonine hydrochloride powder mix- 
ture is prepared by agglomerating dyclonine hydrochloride 
and HPMC blended together, with water being added, and 
the resulting product being dried and ground. 

Example 79— A 15% gelatin, 85% active dyclonine 
hydrochloride powder mixture is made by agglomerating 
dyclonine hydrochloride and gelatin blended together, with 
water being added, and the resulting product being dried and 
ground. 

35 As noted earlier, the gum formulas can be prepared as 
stick or tab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas are generally 
20 adjusted to a higher level of gum base to give a more 
consumer acceptable size of gum bolus. 

Keeping this in mind, if a coating of about 25% of the 
total product is added to a pellet core as sugar orpolyols, the 
gum base in the pellet core should also be increased by 25%. 
Likewise, if a 33% coating is applied, the base levels should 
also be increased by 33%. As a result, gum centers are 
usually formulated with about 25% to about 40% gum base 
with a corresponding decrease in the other ingredients 
except flavor. Generally flavors increase with the level of 
gum base as the base tends to bind flavors into the gum and 
more flavor is needed to give a good flavorful product. 
However flavors can also be added to the coating to give 
increased flavor impact and more flavor perception. 

Some typical sugar type gum center formulations are 
shown in Table 11. Gum center formulas may or may not 
contain dyclonine hydrochloride. 
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TABLE 11 



PWEIGHT PERCFNT) 
EX.80 EX.83 EX 82 EX 83 EX 84 EX. 85 





SUGAR 


52.0 


48.7 


47.55 


45 


GUM BASE 


26.0 


30.0 


35.00 


CORN SYRUP 


20.0 


39.0 


35.00 




GLYCERIN 


3.0 


3.0 


3.00 




PEPPERMINT 


3.0 


3.0 


3.00 




FLAVOR 








DEXTROSE 








50 


MONO- 








HYDRATE 










DYCLONINE 




0.3 


0.45 




HYDRO- 










CHLORIDE 









44.0 
26.0 
38.0 
3.0 
3.0 



40.7 
30.0 
17.0 
3.0 
3.0 



38.55 
35.00 
34.00 
3.00 
3.00 



— — — 30.0 30.0 30.00 



03 



0.45 



55 



60 



65 



Formulations with or without active dyclonine hydrochlo- 
ride can also be made similar to those found in Tables 3-8 
for low, medium, and high moisture formulas. Higher levels 
of base may be used with a corresponding decrease in other 
ingredients. Also, other sugars and polyols may be used in 
the gum center as found in Tables 9-10. Dyclonine hydro- 
chloride may be added to a gum center only, or to a gum 
coating with none in the center, or to both center and coaling. 
Coated gum pieces are about IS grams, so to obtain 3 mg 
of dyclonine hydrochloride total piece must contain 0.2%. 

Dyclonine hydrochloride can then be used in the coating 
formula on the various pellet gum formulations. The fol- 
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lowing Table 12 shows some sugar and dextrose type 
formulas: 

TABLE 12 

(DRY WEIGHT PERCENT) 
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TABLE 12-continued 



(DRY WEIGHT PERCENT) 





EX. 8B 


EX. 87 


EX. 88 


EX. 8S 


1 ex. 5>q 


ha. yj 


SUGAR 


97.1 


95.2 


93.5 


yo.y 


OA o 


CI fi 
JrJ.U 


fillM ARABIC 


2.0 


3.0 


4.0 


2.0 




a n 




0.5 


1.0 


3.0 








DIOXIDE 






















0.5 


1 n 




CARBONATE 














FLAVOR 


0.3 


0.5 


0.8 


0.5 


U.Q 


U.J 


WAX 


0.1 


0.3 


0.3 


0.3 


0.3 


0.3 


DYCLONINE 




0.2 


0.6' 


" 


0.2 


0.6' 


HYDRO- 














CHLORIDE 
















EX. 92 


EX. 93 


EX. 94 


EX. 95 






DEXTROSE 


97.6 


95.2 


97.0 


93.9 






MONO- 














HYDRATE 














GUM ARABIC 


1.5 


3.0 


1.5 


3.0 






TITANIUM 


0.5 


1.0 










DIOXIDE 














CALCIUM 






1.0 


2.0 






CARBONATE 














FLAVOR 


0.3 


0.5 


0.2 


0.4 






WAX 


0.1 


0.1 


0.1 


0.1 






DYCUONINE 




0.2 


0.2 


0.6' 






HYDRO- 














CHLORIDE 
















EX. 96 


EX. 97 


EX. 98 


EX.99 


EX. 300 


EX. 303 


SUGAR 


77.5 


83.2 






86.9 




DEXTROSE 






77.5 


86.3 




863 



DYCLONINE 
HYDRO- 
CHLORIDE 



— 0.2 



0.2 



0.6« 



0.6 1 



'All of the active agent is in (he coating, which comprises 33% of the 
product. 



MONO- 
HYDRATE 
POWDER 
SUGAR 
POWDER 
DEXTROSE 
GUM ARABIC 
POWDER 
GUM ARABIC 
SOLUTION 
FLAVOR 
WAX 



20.0 15.0 — — 
— — 20.0 10.0 
2.0 3.0 2.0 3.0 



0.4 
0.1 



0.5 
0.3 



0.4 

0.3 



0.6 
0.3 



8.0 



4.0 



0.4 
0.3 



8.0 



4.0 



0.8 
0.3 
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The above process gives a hard shell coating. Often a dry 
charge of powdered sugar or dextrose monohydrate may be 
used. This gives a somewhat softer coating. A dry charge 
may be used to build up a coating, but then finished with a 
35 straight syrup to obtain a hard shell. Table 12 gives these 
types of formulas. 

In Examples 96-99, gum arabic is blended in the sugar 
syrup. In Examples 100 and 101, gum arabic powder is dry 
charged after a gum arabic solution is applied in the first 
20 stages of coaling, then this is followed by a hard shell 
coating of sugar solution or dextrose solution. 

The above formulations are made by making a syrup by 
dissolving the sugar and gum arabic in solution at about 75% 
solids at boiling, and suspending titanium dioxide or cal- 
cium carbonate in this syrup. Some of the dextrose may be 
added as a dry charge which may also contain the active 
agent. Dyclonine hydrochloride may be dissolved in water, 
not mixed with hot syrup, but added between coatings, or it 
may be added to the hot syrup and used in the early stages 
of coating or used throughout the coating process. Flavor is 
not mixed with the hot syrup, but added at low levels with 
one or more coats. Dyclonine hydrochloride may be dis- 
solved in flavor and added to the coating. After the final 
coats are applied and dried, wax is applied to give a smooth 
polish. 

Dyclonine hydrochloride may also be used in coating of 
sugarless gum centers. Like sugar gum centers, the base 
formulation can be increased in proportion to the amount of 
coating applied to the center. Formulations with and without 
dyclonine hydrochloride similar to those found in Tables 6, 
7 or 8 for low and high moisture gum can be used to make 
gum centers. Generally, the base level may be increased to 
30-46% with the other ingredients proportionally reduced. 
Some typical gum formulas are in Table 13. 

TABLE 13 

(^pioffTPfiRCEhrn ~~~ 

EX 102 EX 103 EX. 104 e > EX 105 EX. 106 EX. 107 EX 308 e > 



25 



30 



GUM BASE 


35.0 


35.0 


30.0 


30.0 


30.0 


40.0 


50.0 


CALCIUM 






5.0 


10.0 


15.0 






CARBONATE 
















SORBITOL 


43.3 


45.0 


45.9 


40J 


44.5 


41.4 


26.1 


MANNrTOL 


10.0 


10.0 


5.0 


30.0 




8.0 


10.0 


GLYCERIN 




8.0 


2.0 




8.0 


2.0 


2.0 


SORBITOL 


10.0 




10.0 


8.0 




6.0'> 


10.0'J 


LIQUID 














FLAVOR 


1.5 


1.5 


1.5 


1.5 


10 


2.0 


1.3 


HIGH INTENSITY 


0.2 


0.2 


0.2 


0.2 


0.2 


0J 


0.2 


SWEETENER 












ACTIVE 




0.3 


0.4 




0.3 


0.3 


0.4 


DYCLONINE 














HYDRO- 
















CHLORIDE^ 

















— «;»i«gwu»iv» •Ktivu njruiwjuiH. tuvw iwwsu VI iVIOlUll liquid 

> Thix material may be dissolved in water, glycerin, sorbitol liquid, or HSR 
c> The*e formulas require 50% of the product to be a coaling with no active agent, to give a 
final product with 0.2% active agent. " * ' 



• 
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In the above cenler formulations, the high intensity sweet- 
encr used is aspartame. However other high intensity such as 
alilame, accsulfame K, salts of accsulfame, cyclamatc and 
its salts, saccharin and its salts, neotame, sucralose, 
thau matin, monellin, dihydrochalcone, stevioside, glycyr- 
rhizin and combinations thereof may be used in any of the 
examples with the level adjusted for sweetness. 

Lycasin and other polyols such as maltilol, xylitol, lactitol 
and hydrogenated isomaltulose may also be used in the gum 
center formulations at various levels similar to those shown 
in Table 10. The texture may be adjusted by varying glycerin 
or sorbitol liquid. Sweetness of the cenler formulation can 
also be adjusted by varying the level of high intensity 
sweetener. 

Dyclonine hydrochloride may be used in sugarless coat- 
ings with xylitol, sorbitol, maltitol, lactitol, hydrogenated 
isomaltulose and erythritol. The following table gives for- 
mulas for a xylitol coating: 
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TABLE 15-continued 



(DRY WEIGHT PFRPFMT| 

5 EX. 123 EX. 322 EX. 123 EX. 124 EX . 125 EX. 126 

POWDER 
GUM ARABIC 
FLAVOR 
TITANIUM 
10 DIOXIDE 
TALC 
WAX 

DYCLONINE 
HYDRO- 
CHLORIDE 



zo 


4.0 


6.0 


2.0 


3.0 


4.0 


0.5 


0.4 


0.7 


0.5 


0J 


0.7 


0.5 


0.5 


3.0 


0.5 


0.4 


0.6 


0.3 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.3 




0.2 


0.6' 




0.2 


0.6' 



15 



'All of ihc tctive agent is in the coating, which comprises 33% of the 
product. 



TABLE 14 



(DRY WEIGHT PERCENT) 
EX. 309 EX. 310 EX. 113 EX. 112 EX. 313 EX. 114 



XYLITOL 

GUM ARABIC 

FLAVOR 
TITANIUM 

DIOXIDE 
TALC 
WAX 
COLOR- 
DYCLONINE 
HYDRO- 
CHLORIDE 



94.8 


912 


90.1 


90.1 


89.7 


88.2 


4.0 


6.0 


7.0 


8.5 


8.5 


30.0 


0.5 


0.5 


0.7 


0.7 


0.9 


0.5 


0.5 


0.9 




0.5 


0.5" 


0.5" 


0.1 


OJ 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.3 


0.1 


0.3 


0.1 






3.4 










0.2 


0.6* 




0.2 


0.6* 
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•Lake color dispersed in xylitol solution 

"Calcium carbonate used in place of titanium dioxide 

•All of the active agent is in the gum coating, which comprises 33% of 

the gum product. 

The above formulas are used to coat pellets by applying 
a xylitol/gum arabic solution in multiple coats and air 
drying, Color or whitener is also mixed in the solution. 
Dyclonine hydrochloride may be dissolved in water and 
added between coating applications or mixed with the hot 
syrup and used in the early stages of coating or used 
throughout the coating process. After pellets have been 
coated and dried, talc and wax are added to give a polish. 

For examples 115-120, erythritol may be substituted for 
xylitol in Table 14. In some cases more gum arabic may be 
needed to give good binding. 

For coating formulas based on sorbitol, maltilol, lactitol, 
and hydrogenated isomaltulose, gum arabic can be used as 
a binder and film former, and a crystallization modifier to 
help facilitate coating. Generally these polyols are more 
difficult to coat using only a straight syrup, but with proper 
technique a good smooth hard shell can be made. However, 
it may be preferable to add a dry charge to quicken the 
drying process before the pellets get too sticky. The follow- 
ing formulations may be used. 



50 
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TABLE 15 
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fDRY WEIGHT PERfYNm 
EX.121 EX.322 EX. 323 EX. 324 EX 325 EX 326 



MALTITOL 
MALTITOL 



98.8 



94.7 



93.5 



86.8 
10.0 



75.9 
20.0 



68.9 
25.0 



65 



Maltilol powder is used to dry charge in the early stages 
of coating. Maltitol, gum arabic, and whitener are blended 
into a syrup and applied to pellets. Dyclonine hydrochloride 
may be applied in a similar manner as in the previous xylitol 
coating or may be preblended with the dry charge material. 
After all coating is applied and dried, talc and wax are added 
to give a polish. 

In a similar manner, coatings with sorbitol, lactitol, and 
hydrogenated isomaltulose may be made in the coating 
formulas in Table 15 by replacing maltitol with any one of 
30 the other polyols and maltitol powder with the polyol 
powder. Like maltitol, the other polyols may become sticky 
during the coating and drying process, so the dry powder 
charge may be needed to give the proper drying. In the later 
stages of the coating process, less gum arabic could be used 
and a more pure polyol syrup could be used to give a smooth 
surface. Also, the dry charge would only be used in the early 
stages of the coating process. 

In addition to dry charging with the specific polyol, other 
ingredients may be added to the dry charge to help absorb 
moisture. These materials could be inert such as talc, cal- 
cium carbonate, magnesium carbonate, starches, gums like 
dyclonine hydrochloride, gum talha, gum arabic or other 
moisture absorbing materials. Also, powdered sweeteners or 
flavors could be added with the dry charge, along with the 
active medicament. 

Some polyols such as sorbitol, maltitol, lactitol, erythritol, 
or hydrogenated isomaltulose are not sufficiently sweet 
compared to sugar or xylitol, so high intensity sweeteners 
may be added to the coating, such as aspartame, accsulfame 
K, salts of accsulfame, cyclamatc and its sails, saccharin and 
its salts, alitame, sucralose, thaumatin, monellin, 
dihydrochalcone, glycyrrbizin, neotame, and combinations 
thereof. If a hot syrup is applied, beat may degrade the 
sweetener so only stable sweeteners should be used. Gen- 
erally high intensity sweeteners are added with the polyol/ 
gum arabic solution to obtain an even distribution in the 
coatings. 

The formulas listed in Table 16 comprise various sugar- 
type formulas in which chlorpheniramine maleate can be 
added to gum after it is dissolved in water or mixed with 
various aqueous solvents. Chlorpheniramine maleate is an 
active medicament used as an antihistamine. These formulas 
give a 3 gram stick with 4 mg of chlorpheniramine maleate. 
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TABLE 16 

(WEIGHT PERCENT) 



EX. 327 EX. 328 EX. 329 EX. 330 EX. 333 EX. 332 EX. 333 EX. 334 



SUGAR 


62.47 


64.3 


63.0 


64.4 


64.4 


62.7 


61.6 


47.0 


BASE 


39.2 


39.2 


39.2 


39.2 


39.2 


39.2 


39.2 


39.2 


CORN 


35.9 


32.9 


32.9 


32.9 


319 


15.9 


0,0 


19 


SYRUP 
















PEPPER- 


0.9 


0.9 


0.9 


0.9 


0.0 


0.0 


0.9 


0.9 


MINT 
















FLAVOR 


















GLYC- 


1.4 


1.4 


1.4 


0.0 


2.2 


0.9 


1.4 


0.0 


ERIN 
















LIQUID/ 


0.33 


1.3 


16 


2.6 


3.3 


3.3 


36.9 


30.0 


ACTIVE 


















BLEND 



















Example 127 Example 133 

Chlorpheniramine maleale powder can be added directly 20 A , t . 

to Ibegum. A 1 .3 gram quantity of chlorpheniramine maleate is 

dissolved in 168 grams of com syrup and added to chewing 
Example 128 gum. 

A 1 gram quantity of chlorpheniramine maleale can be 25 P 
dissolved in 9 grams of water giving a 10% solution and bxample 134 

added to gum. 

To a 200 gram quantity of corn syrup is added 1 00 grams 
Example 129 of gtycerin. 

A 1 gram quantity of chlorpheniramine maleate can be 30 To lhis nature is added 1.3 gram of chlorpheniramine 
dissolved in 9 grams of water and mixed with 10 grams of maleate and blended. This mixture is then added to gum. 
glycerin and added to the gum. t 4 . . f 

In the next examples of sugar formulations, chlorphe- 

Example 130 niramine maleate can be dissolved in water and emulsifiers 

35 can be added to the aqueous solution. Example solutions can 
A 1 gram quantity of chlorpheniramine maleate is mixed be prepared by dissolving 13 grams of chlorpheniramine 
with 19 grams of glycerin mving a 5% solution and added maIcalc in 72 grams of walcr and addiflg * grams Qf 

0 gUm ' emulsifiers of various bydrophilic-lipophiiic balance (HLB) 

Example 131 40 vaIues 10 the ^^on. The mixtures can then be used in the 

' following formulas. Example 135 uses a mixture of chlor- 

A 1 gram quantity of chlorpheniramine maleale is mixed pheniramine maleate and water with no emulsifier. The HLB 

with 9 grams of peppermint flavor giving a 10% solution and value of ihe emulsifiers used in Examples 136-140 are listed 

added to gum. in jm c 17. 



TABLE 17 



SUGAR 
BASE 

CORN SYRUP 

GLYCERIN 

DEXTROSE 

MONOHY* 

DRATE 

PEPP. FLAVOR 
ACTIVE AGENT 
EMULSIFIER/ 
WATER 
MIXTURE 



EX. 335 


EX.336 


EX. 137 


EX.338 


EX. 139 


EX. 340 


54.7 


54.7 


54.7 


54.7 


54.7 


54.7 


19.2 


19.2 


19.2 


39.2 


19.2 


19.2 


1Z9 


32.9 


119 


32.9 


12.9 


32.9 


1.4 


1.4 


3.4 


3.4 


1.4 


1.4 


9.9 


9.9 


9.9 


9.9 


9.9 


9.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


3.0 


1.0 


3.0 


3.0 


3.0 


3.0 


None 


HLB- 2 


HLB - 4 


HLB - 6 


HLB. 9 


HLB -32 



Example 132 Examples 141-146 

A 1 gram quantity of chlorpheniramine maleate is dis- 65 

solved in 9 grams of ethanol, which is then mixed with 90 The same as the formulations made in Examples 

grams of peppermint flavor and added to gum. 135-140, respectively, except that the flavor can be mixed 
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together with the aqueous active agent solution and emul- 
sified before adding the mixture to the gum batch. 

The following Tables 18 through 25 are examples of gum 
formulations that demonstrate formula variations in which 
chlorpheniramine maleate may be used. The active agent 
may be added with or without encapsulation, or may be 
treated for fast release. 

Examples 147-150 in Table 18 demonstrate the use of 
chlorpheniramine maleate in low-moisture sugar formula- 
tions showing less than 2% theoretical moisture: 

TABLE 18 
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TABLE 20-continued 



(WEtGHT PERPFNTT} 

EX. 355 EX. 356 



EX. 357 EX. 358 



30 



GLYCERIN 
FLAVOR 
ACTIVE 
CHLORPHEN- 
IRAMINE 
MALEATE 



0.0 
3.0 
0.33 



0.0 
3.0 
0J9 



3.0 
3.0 
0.33 



0.4 
3.0 
0.39 



EX. 347 EX. 348 EX. 349 



35 



EX.350 



SUGAR 
GUM BASE 
CORN* 
SYRUP 
DEXTROSE 
MONOHY- 
DRATE 
LACTOSE 
GLYCERIC 
FLAVOR 
ACTIVE 
CHLORPHEN- 
IRAMINE 
MALEATE 



58.77 


58.53 


58.77 


54.53 


39.2 


39.2 


39.2 


39.2 


6.0 


6.0 






30.0 


30.0 


30.0 


30.0 


0.0 


0.0 


0.0 


5.0 


5.0 


5.0 


33.0 


30.0 


0.9 


0.9 


0.9 


0.9 


0.33 


0.39 


0.33 


0.39 



20 



■Corn syrup is evaporated to 85% solids, 35% moisture 
b Glycerin and syrup may be blended end co-evaporated 

Examples 151-154 in Table 19 demonstrate the use of 
chlorpheniramine maleate in medium -moisture sugar for- 
mulations having about 2% to about 5% moisture. 

Examples 155-158 in Table 20 demonstrate the use of 
chlorpheniramine maleate in high-moisture sugar formula- 
tions having more than about 5% moisture. 

TABLE 19 



25 



30 



35 



Examples 159-162 in Table 21 and Examples 163-170 in 
Tables 22 and 23 demonstrate the use of chlorpheniramine 
maleate in low- and high-moisture gums that are sugar-free. 
Low- moisture gums have less than about 2% moisture, and 
bigh-moisture gums have greater than 2% moisture. 

_ TABLE 21 

(WEIGHT PERPFNT) ™"~* 



BASE 
SORBITOL 
MANNTTOL 
GLYCERIN 
FLAVOR 
ACTIVE 
CHLORPHEN- 
IRAMINE 
MALEATE 



EX. 359 


EX.360 


EX. 163 


EX. 362 


25.5 


25.5 


25.5 


25.5 


50.87 


50.63 


48.87 


45.63 


12.0 


32.0 


12.0 


320 


30.0 


10.0 


32.0 


35.0 


1.5 


3.5 


1.5 


3.5 


0.33 


0.39 


0.33 


039 



TABLE 22 



fWEIGHT PERCENT) 



(WEIGHT PERCENT! 



40 



SUGAR 

GUM BASE 

CORN 

SYRUP* 

DEXTROSE 

MONOHY- 

DRATE 
GLYCERIN" 
FLAVOR 
ACTIVE 
CHLORPHEN- 
IRAMINE 
MALEATE 



EX. 153 


EX 352 


EX.153 


EX. 354 


53.37 


53.33 


53.37 


49.63 


39.2 


19.2 


39.2 


39.2 


35.0 


15.0 


33.0 


32.5 


30.0 


10.0 


30.0 


30.0 


3.4 


3.4 


3.4 


7.4 


0.9 


0.9 


0.9 


0.9 


0.33 


0.39 


0.33 


0.39 



45 



BASE 
SORBITOL 
UQUD 
SORBITOL* 
MANNTTOL 
GLYCERIN 
FLAVOR 
ACTIVE 
CHLORPHEN- 
IRAMINE 
MALEATE 



EX. 363 


EX.364 


EX 365 


EX. 366 


25.5 


25.5 


25.5 


25.5 


50.87 


50.63 


40.87 


40.63 


30.0 


30.0 


20.0 


20.0 


30.0 


30.0 


30.0 


10.0 


2.0 


2.0 


2.0 


2.0 


3.5 


3.5 


3.5 


IS 


0.13 


0.39 


0.33 


0J9 



•Corn tyrup is evaporated to 85% solids, 35% moisture 
b G)ycerin and syrup may be blended and co-evaporated 



TABLE 20 



(WEIGHT PERCFNTt 
EX. 155 EX 156 EX 157 EX. 158 



50 



55 



60 



•Sorbitol liquid contains 70% sorbitol, 30% vraier 



TABLE 23 



(WEIGHT PERCENT} 



SUGAR 
GUM BASE 
CORN 
SYRUP 



50.87 

24.0 

24.0 



50.53 
24.0 
24.0 



49.87 

24.0 

24.0 



49.63 
24.0 
24.6 



BASE 
SORBITOL 
HSH SYRUP" 
MANNTTOL 
GLYCERIN* • 
FLAVOR 
ACTIVE 
CHLORPHEN- 
IRAMINE 
MALEATE 



EX. 367 


EX 368 


EX.369 


EX. 370 


25.5 


25.5 


25.5 


2SS 


50.87 


48.63 


44.87 


42.63 


10.0 


30.0 


30.0 


30.0 


8.0 


8.0 


8.0 


8.0 


4.0 


6.0 


30.0 


3Z0 


3.5 


3.5 


IS 


3.5 


0.33 


0.39 


0.33 


0.39 



65 



•Hydrogenated starch hydrolyzate syrup 

'•Glycerin and HSH syrup may be blended or co-evaporated 
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Tabic 24 shows sugar chewing formulations that can be 
made with various types of sugars. 

TABLE 24 



(WEIGHT PERCENT) 





EX. 17] 


EX. 172 


EX. 373 


EX. 374 EX. 375 EX. 376 


GUM BASE 


39.2 


19.2 


39.2 


39.2 


39.2 


39.2 


SUCROSE 


49.37 


48.13 


44.37 


39.33 


34.37 


42.33 


GLYCERIN 


3.4 


2.4 


1.4 


6.4 


3.4 


3.4 


CORN SYRUP 


34.0 


34.0 


34.0 


34.0 


34.0 


34.0 


DEXTROSE 


5.0 


5.0 






30.0 


5.0 


LACTOSE 


5.0 


5.0 


10.0 


30.0 




— 


FRUCTOSE 


5.0 


5.0 


10.0 


30.0 


10.0 


5.0 


INVERT SUGAR 






"""" 




30.0 


30.0 


MALTOSE 














CORN SYJCUr ovJUUd 














PEPPERMINT 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


FLAVOR 














ACTIVE CHLORPHEN- 


0.33 


0.39 


0.33 


0.39 


0.13 


0.39 


IRAMINE MALEATE 
















EX. 177 


EX. 378 


EX. 179 


EX. 180 EX. 383 


EX. 382 


GUM BASE 


19.2 


19.2 


39.2 


19.2 


39.2 


39.2 


SUCROSE 


34.37 


43.31 


34.37 


43.33 


42J7 


45,33 


GLYCERIN 


3.4 


2.4 


3.4 


2.4 


3.4 


3.4 


CORN SYRUP 


34.0 


34.0 


34.0 


34.0 


31.0 


33.0 


DEXTROSE 


10.0 


5.0 


10.0 


5.0 


10.0 


5.0 


LACTOSE 














FRUCTOSE 


30.0 


5.0 


30.0 


5.0 


5.0 


5.0 


INVERT SUGAR 


30.0 


30.0 






5.0 


5.0 


MALTOSE 






30.0 


30.0 






CORN SYRUP SOUDS 










5.0 


5.0 


PEPPERMINT FLAVOR 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


ACTIVE 


0.13 


0.39 


0.33 


0.39 


0.13 


0.39 



CHLORPHENIRAMINE 
MALEATE 



Table 25 shows chewing gum formulations that are free of 
sugar. These formulations can use a wide variety of other 
non-sugar alditols. 

TABLE 25 



(WEIGHT PERCENT) 



EX. 183 EX. 384 EX. 185 EX. 386 EX. 387 EX. 366 



GUM BASE 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


GLYCERIN 


8.0 


8.0 


8.0 


8.0 


8.0 


2.0 


SORBITOL 


47.87 


37.611 


37.87 


32.63 


33.87 


29.63 


MANNTTOL 




10.0 


30.0 


30.0 


10.0 


6.0 


SORBITOL LIQUID 


37.0 


17.0 










LYCASIN 






37.0 


310 


8.0 


20.0 


MA1TTTOL 








10.0 






XYLTTOL 










15.0 


15.0 


LACJTIOL 














PALATINrT 














Fl-AVOR 


1.5 


1.5 


3.5 


3.5 


IS 


1.5 


ACTIVE 


0.13 


0.39 


0.13 


0.39 


0.13 


0.39 


CHLORPHENIRAMINE 














MALEATE 
















EX. 189 


EX. 190 


EX. 193 


EX. 392 EX. 393 EX. 394 


GUM BASE 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


GLYCERIN 


8.0 


8.0 


8.0 


2.0 


8.0 


2.0 


SORBITOL 


41.87 


36.61 


33.87 


40.63 


29.87 


29.61 


MANNTTOL 


8.0 


8.0 


8.0 








SORBITOL LIQUID 


5.0 












LYCASIN 




5.0 


5.0 


5.0 


30.0 


20.0 


MA1XTTOL 




5.0 
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TABLE 25-conlinued 



(WEIGHT PERCENT) 



XYLTTOL 

LACTTTOL 

PALATTNIT 

FLAVOR 

ACTIVE 

CHLORPHENIRAMINE 
MALEATE 









15.0 


15.0 


11.0 


10.0 


10.0 


10.0 












10.0 


10.0 


30.0 


10.0 


3.5 


1.5 


1.5 


3.5 


IS 


1.5 


0.13 


0.39 


0.13 


039 


0.13 


0J9 



High-intensily sweeteners (HIS) such as aspartame, 
acesulfame K, or the salts of acesulfame, cyclamate and its 
salts, saccharin and ils salts, alitame, neotame, sucralose, 35 
thaumatin, monellin, dihydrochalcone, stevioside, 
glycyrrhizin, and combinations thereof may be used in any 
of the Examples listed in Tables 18-25. Since chlorphe- 
niramine maieate may reduce sweetness, HIS may be used niramine maieate may be added to a gum center onlv or to 
in sugar gum, and some of the alditols in sugar-free cum are 20 a tmm enatina with 1p in ikT . 1 ! y * to 

I CSS sweet than supat m hiahe.r „r uif ^.T.u^ 1 ^! * coalin fi »?c in the center, or to both center and 

coaling. Coated gum pieces are about 1 .5 grams, so to obtain 
4 mg of chlorpheniramine maieate total piece must contain 
0.27%. 



25 
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less sweet than sugar so higher levels of HIS may be needed 
to obtain the proper level of sweetness. 

High-intensity sweeteners (HIS) may also be modified to 
control their release in those chewing gum formulations. 
This can be controlled by various methods of encapsulation, 
agglomeration, absorption, or a combination of methods to 
obtain either a fast or slow release of the sweetener. Sweet- 
ener combinations, some of which may be synergistic, may 
also be included in the gum formulations. 

As noted earlier, the gum formulas can be prepared as 
stick or tab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas are generally 
adjusted to a higher level of gum base to give a more 
consumer acceptable size of gum bolus. 

As a result, gum centers are usually formulated with about 
25% to about 40% gum base with a corresponding decrease n W0R 
in the other ingredients except flavor. Generally flavors 40 wax 
increase with the level of gum base as the base tends to bind 
flavors into the gum and more flavor is needed to give a good 
flavorful product. However flavors can also be added to the 
coating to give increased flavor impact and more flavor 
perception. 

Some typical sugar type gum center formulations are 
shown in Table 26. Gum center formulas may or may not 
contain chlorpheniramine maieate. 



Formulations with or without active chlorpheniramine 
maieate can also be made similar to those found in Tables 
18-23 for low, medium, and high moisture formulas. Higher 
levels of base may be used with a corresponding decrease in 
other ingredients. Also, other sugars are polyols may be used 
in the gum center as found in Tables 24 and 25. Chlorphe- 
niramine maieate may be added to a gum center only, or to 



Chlorpheniramine maieate can be used in the coating 
formula on the various pellet gum formulations. The fol- 
lowing Table 27 shows some sugar and dextrose type 
formulas: 

TABLE 27 

(DRY WEIGHT PERCENT) — — 



EX. 203 EX. 202 EX. 203 EX. 204 EX. 205 EX. 206 



35 



SUGAR 
GUM ARABIC 
TITANIUM 
DIOXIDE 
CALCIUM 
CARBONATE 



CHLORPHEN- 
IRAMINE 
MALEATE 



97.3 
2.0 
0.5 



0.3 
0.3 



95.33 
3.0 
3.0 



0.5 
0.3 
0.27 



93.29 


96.9 


94.83 


92,79 


4.0 


2.0 


3.0 


4.0 


3.0 










0.5 


3.0 


2.0 


0.8 


0.5 


0.8 


0.3 


0.3 


0.3 


0.3 


0.3 


0.8l*> 




0.27 


0.83*) 
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EX.207 EX.208 EX.209 EX.230 



DEXTROSE 
MONOHYDRATE 
GUM ARABIC 



97.6 
3.5 



95.33 
3.0 



96.93 
3.5 



93.69 



3.0 



TABLE 26 



fWEIGHT PERCENT! 
EX. 395 EX. 396 EX. 397 EX. 398 EX. 399 EX. 200 



40.73 38.59 

30.0 35.00 

37.0 34.00 

3.0 3.00 

1.0 3.00 

30.0 30.00 

0.27 0.43 



SUGAR 


52.0 


48.73 


47.59 


44.0 


GUM BASE 


26.0 


30.0 


35.00 


26.0 


CORN SYRUP 


20.0 


39.0 


35.00 


38.0 


GLYCERIN 


3.0 


3.0 


3.00 


3.0 


PEPPERMINT 


3.0 


3.0 


3.00 


3.0 


FLAVOR 








DEXTROSE 








30.0 



MONOHYDRATE 
ACTIVE 

CHLORPHENIRAMINE 
MALEATE 



__•) 



0.27 



0.43 



•>AJJ of the ective igenl is in the coaling, which comprises 33% of the product 
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TABLE 27-continued 
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(DRY WEIGHT PERCENT) 



TITANIUM 


0.5 


].0 






DIOXIDE 










CALCIUM 






1.0 


2.0 


CARBONATE 










FLAVOR 


0.3 


OS 


0.2 


0.4 


WAX 


0.3 


0.1 


0.1 


0.3 


CHLORPHENIRAMINE 




0.27 


0.27 


0.83'> 


MALEATE 











_ 5 
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0 All of Ihe active agent is in the coaling, which comprises 33% ol the 
product. 

The above formulations are made by making a syrup by 
dissolving (be sugar and gum arabic in solution at about 75% 
solids at boiling, and suspending titanium dioxide or cal- 
cium carbonate in this syrup. Some of the dextrose may be 
added as a dry charge, which may also contain the active. 
Chlorpheniramine maleate may be dissolved in water, not 
mixed with hot syrup, but applied between coatings, or it 
may be added to the hot syrup and used in the early stages 
of coating or used throughout the coating process. Flavor is 
not mixed with the hot syrup, but added at low levels with 
one or more coats. Chlorpheniramine maleate may be dis- 
solved in flavor and added to the coating. After the final 
coats are applied and dried, wax is applied to give a smooth 
polish. 

Chlorpheniramine maleate may also be used in coating of 
sugarless gum centers. Like sugar gum centers, the base 
formulation can be increased in proportion to the amount of 
coating applied to the center. Formulations with and without 
chlorpheniramine maleate similar to those found in Tables 
21-25 for low and high moisture gum can be used to make 
gum centers. Generally, the base level may be increased to 
30-46% with the other ingredients proportionally reduced. 
Some typical gum formulas are in Table 28. 



35 



rhizin and combinations thereof may be used in any of the 
examples with the level adjusted for sweetness. 

Lycasin and other polyols such as maltitol, xylitol, lactitol 
and hydrogenated isomaltulose may also be used in the gum 
center formulations at various levels similar to those shown 
in Table 25. The texture may be adjusted by varying glycerin 
or sorbitol liquid. Sweetness of the center formulation can 
also be adjusted by varying the level of high intensity 
sweetener. 

Chlorpheniramine maleate may be used in sugarless coat- 
ings with xylitol, sorbitol, maltitol, lactitol, hydrogenated 
isomaltulose and erythriiol. The following table gives for- 
mulas for a xylitol coating: 

TABLE 29 

(DRY WEIGHT PERCENT! ~ ™~ 
EX. 238 EX. 239 EX. 220 EX. 223 EX. 222 EX. 223 

__ XYLITOL 
20 GUM ARABIC 

FLAVOR 

TITANIUM 

DIOXIDE 

TALC 

WAX 
25 COLOR* 

CHLORPHEN- 
IRAMINE 

MALEATE 

•Lake color dispersed in xylitol solution 
30 "Calcium carbonate used in place of titanium dioxide 

°AII of the active agent is in the coating, which comprises 33% of the 
product. 

The above formulas are used to coat pellets by applying 
a xylitol/gum arabic solution in multiple coats and air 
35 drying. Color or whilener is also mixed in the solution. 
Chlorpheniramine maleate may be dissolved in water or 
flavor and added between coating applications or mixed with 



94.8 


92.33 


89.89 


90.3 


89.63 


87.99 


4.0 


6.0 


7.0 


8.5 


8.5 


30.0 


0.5 


0.5 


0.7 


0.7 


0.9 


0.5 


0.5 


0.9 




0.5 


0.5" 


0.5" 


0.3 


0.3 


0.3 


0.3 


0.3 


0.1 


0.3 


0.1 


0.3 


0.3 


0.3 


0.3 






3.4 










0.27 


0.83'> 




0.27 





TABLE 28 



WEIGHT PERCENT) 
EX. 233 EX. 232 EX. 233 EX. 234 EX. 215 EX. 216 EX. 217 



GUM BASE 


35.0 


35.0 


CALCIUM 






CARBONATE 






SORBITOL 


43.3 


45.03 


MANNTrOL 


30.0 


30.0 


GLYCERIN 




8.0 


SORBITOL 


30.0 




LIQUID 






FLAVOR 


3.5 


3i 


HIGH INTENSITY 


0.2 


0.2 


SWEETENER 






ACTIVE 




0.27 


CHLORPHEN- 






IRAMINE 






MALEATE** 







30.0 


30.0 


30.0 


40.0 


50.0 


5.0 


10.0 


35.0 






45.89 


40.3 


44.53 


41.29 


25.96 


5.0 


10.0 




8.0 


30.0 


2.0 




8.0 


2.0 


2.0 


30.0 


8.0 




6.0'> 


30.0*) 


3.5 


1J 


2.0 


2.0 


1J 


0.2 


0.2 


0.2 


0.3 


0.2 


0.43 


—O 


0.27 


0.41 


05A<> 



'^Lycasin brand hydrogenated starch hydrolyzate used instead of sorbitol liquid 
b *riiis material may be dissolved in water, glycerin, sorbitol liquid, or HSH. 
e) All of th active agent is in the coating, which comprises 33% of the product. 
*>Thh example required 50% of the product to be a coating with no active agent in the 
coating, to give a gum product with 0.27% octivc agent. 



In the above center formulations, the high intensity sweet- 
ener used is aspartame. However other high intensity such as 
alitame, acesulfame K, salts of acesulfame, cyclamate and 
its salts, saccharin and its salts, neotame, sucralose, 
thaumatin, moncllin, dihydrochalcone, stevioside, glycyr- 



the hot syrup and used in the early stages of coating or used 
throughout the coating process. After pellets have been 
65 coated and dried, talc and wax are added to give a polish. 
For coating formulas based on sorbitol, maltitol, lactitol, 
erythriiol, and hydrogenated isomaltulose, gum arabic can 
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be used as a binder and film former, and a crystallization 
modifier to help facilitate coaling. Generally these polyols 
are more difficult to coat using only a straight syrup, but with 
proper technique a good smooth hard shell can be made. 
However, it may be preferable to add a dry charge to quicken 
the drying process before the pellets get too sticky. The 
following formulations may be used. 

TABLE 30 

(DRY WEIGHT PERCENT) 
EX. 224 EX. 225 EX. 226 EX. 227 EX. 228 EX. 229 



10 



MALrrroL 


96.8 


94.63 


93.29 


86.8 


75.83 


68.69 


mauttol 








10.0 


20.O 


25.0 


POWDER 












GUM ARABIC 


2.0 


4.0 


6.0 


2.0 


3.0 


4.0 


F1AVOR 


0.5 


0.4 


0.7 


0.5 


0.3 


0.7 


TITANIUM 


0.5 


0.5 


1.0 


0.5 


0.4 


0.6 


DIOXIDE 












TALC 


OJ 


0.3 


0.1 


0.1 


0.3 


0.3 


WAX 


0.3 


0.J 


0.3 


0.1 


0.3 


0.3 


CHLORPHEN- 




0.27 


0.81 0 




0.27 


0.83') 


IRAMINE 












MALEATE 
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moisture absorbing materials. Also, powdered sweeteners or 
flavors could be added with the dry charge. 

Some polyols such as sorbitol, maltitol, lactitol, erylhrilol, 
or hydrogenated isomaltulose are not sufficiently sweet 
compared to sugar or xylitol, so high intensity sweeteners 
may be added to the coating, sucb as aspartame, acesulfame 
K, salts of acesulfame, cyclamate and its salts, saccharin and 
its salts, alilame, sucralose, thaumatin, monellin, 
dihydrochalcone, glycyrrhizin, neotame, and combinations 
thereof. If a hot syrup is applied, beat may degrade the 
sweetener so only stable sweeteners should be used. Gen- 
erally high intensity sweeteners arc added with the polyol/ 
gum arabic solution to obtain an even distribution in the 
coatings. 



product 



20 The formulas listed in Table 31 comprise various sugar- 
type formulas in which active medicament can be added to 
gum after it is dissolved in water or mixed with various 
aqueous solvents. Pseudoephedrine hydrochloride 
(Sudafed™) is an active medicament used as a nasal decon- 
gestant. These formulas give a 3 gram stick with 30 mg of 
pseudoephedrine hydrochloride. 



TABLE 31 

(WEIGHT P^RCENTl 



EX. 230 EX 233 EX. 232 EX. 233 EX 234 EX 235 EX 236 EX. 237 



SUGAR 


64.6 


64.0 


63.0 


67.0 


63.0 


53.0 


60.7 


47.0 


BASE 


39.2 


39.2 


19.2 


39.2 


39.2 


19.2 


19.2 


39.2 


CORN 


12.9 


30.9 


8.9 


2.9 


6.9 


6.9 


0.0 


2.9 


SYRUP 














PEPPER- 


0.9 


0.9 


0.9 


0.9 


0.9 


0.0 


0.9 


0.9 


MINT 














FLAVOR 


















GLYC- 


3.4 


0.0 


0.0 


0.0 


0.0 


0.9 


3.4 


0.0 


ERIN 














LIQUID/ 


3.0 


5.0 


30.0 


30.0 


10.0 


20.0 


37.8 


30.0 


ACTIVE 














BLEND 



















Maltitol powder is used to dry charge in the early stages 
of coating. Maltitol, gum arabic, and whitener arc blended 
into a syrup and applied to pellets. After all coaling is 
applied and dried, talc and wax are added to give a polish. 
Chlorpheniramine maleate may be applied in a similar 
manner as in the previous xylitol coating, or may be preb- 
lended with the dry charge material. 

In a similar manner, coatings with sorbitol, lactitol, and 
hydrogenated isomaltulose may be made in the coating 
formulas in Table 30 by replacing maltitol with any one of 
the other polyols and maltitol powder with the polyol 
powder. Like maltitol, the other polyols may become sticky 
during the coating and drying process, so the dry powder 
charge may be needed to give the proper drying. In the later 
stages of the coating process, less gum arabic could be used 
and a more pure polyol syrup could be used to give a smooth 
surface. Also, the dry charge would only be used in the early 
stages of the coating process. 

In addition to dry charging with the specific polyol, other 
ingredients may be added to the dry charge to help absorb 
moisture. These materials could be inert such as talc, cal- 
cium carbonate, magnesium carbonate, starches, gums like 
dyclonine hydrochloride, gum talha, gum arabic or other 



Example 230 

Pseudoephedrine hydrochloride powder can be added 
directly to the gum. 

Example 231 

A 20 gram quantity of pseudoepbedrine hydrochloride can 
be dissolved in 80 grams of water giving a 20% solution and 
added to gum. 

Example 232 

A 10 gram quantity of pseudoephedrine hydrochloride can 
be dissolved in 50 grams of water and mixed with 50 grams 
of glycerin and added to the gum. 

Example 233 

A 10 gram quantity of pseudoephedrine hydrochloride is 
mixed with 90 grams of glycerin giving a 10% solution and 
added to gum. 

Example 234 

65 A 10 gram quantity of pseudoephedrine hydrochloride is 
mixed with 90 grams of propylene glycol giving a 10% 
solution and added to gum. 
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Example 235 

A 10 gram quantity of pseudoepbedrinc hydrochloride is 
dissolved in grams of peppermint flavor and added to gum. 

Example 236 

A 10 gram quantity of pseudoephedrine hydrochloride is 
dissolved in 168 grams of com syrup and added to chewing 
gum. 

Example 237 

To a 200 gram quantity of com syrup is added 100 grams 
of glycerin. To this mixture is added 10 gram of pseudoephe- 
drine hydrochloride and blended. This mixture is then added 
to gum. 

In the next examples of sugar formulations, pseudoephe- 
drine hydrochloride can be dissolved in water and emulsi- 
fiers can be added to the aqueous solution. Example solu- 
tions can be prepared by dissolving 20 grams of 
pseudoephedrine hydrochloride in 65 grams of water and 
adding 15 grams of emulsifiers of various hydrophilic- 
lipophilic balance (HLB) values to the solution. The mix- 
tures can then be used in the following formulas. Example 
238 uses a mixture of pseudoephedrine hydrochloride and 
water with no emulsilier. The HLB value of the emulsifiers 
used in Examples 238-243 are listed in Table 32. 
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TABLE 33-continued 



(WEIGHT PERCENT) 
EX.244 EX.245 EX.246 EX.247 



30 



35 



CORN' 


6.0 


6.0 






SYRUP 










DEXTROSE 


30.0 


30.0 


30.0 


30.0 


MONO- 








HYDRATE 










LACTOSE 


0.0 


0.0 


0.0 


5.0 


GLYCERIN* 


5.0 


5.0 


31.0 


13.0 


FLAVOR 


0.9 


0.9 


0.9 


0.9 


ACTIVE 


3.0 


3.0 


1.0 


3.0 


PSEUDO- 










EPHEDRINE 










HYDRO 










CHLORIDE 











20 



25 



Byrujj u cvnpymww 10 ojtc Bonus, jjtc moisture 
''Glycerin and syrup may be blended and co- evaporated 

Examples 248-251 in Tabic 34 demonstrate the use of 
pseudoephedrine hydrochloride in medium-moisture sugar 
formulations having about 2% to about 5% moisture. 

Examples 252-255 in Table 35 demonstrate the use of 
pseudoephedrine hydrochloride in high-moisture sugar for- 
mulations having more than about 5% moisture. 



TABLE 32 



(WEIGHT PERCENT) 
EX.238 EX.239 EX.240 EX.241 EX. 242 EX.243 



SUGAR 


50.7 


50.7 


50.7 


50.7 


50.7 


50.7 


BASE 


39.2 


39.2 


39.2 


19.2 


19.2 


39.2 


CORN SYRUP 


32.9 


12.9 


32.9 


12.9 


319 


32.9 


GLYCERIN 


3.4 


3.4 


1.4 


1.4 


3.4 


3.4 


DEXTROSE 


9.9 


9.9 


9.9 


9.9 


9.9 


9.9 


MONO- 














HYDRATE 














PEPP. FLAVOR 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


ACTIVE AGENT 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


EMULSIHER/ 














WATER 














MIXTURE 
















None 


HLB -2 


HLB -4 


HLB - 6 


HLB -9 


HLB - 32 



The formulations made in Examples 238-243 can be 
changed in that the flavor can be mixed together with the 
aqueous active agent solution and emulsified before adding 
the mixture to the gum batch. 

The following Tables 33 through 40 are examples of gum 
formula u'ons that demonstrate formula variations in which 
pseudoephedrine hydrochloride may be used. The active 
agent may be added with or without encapsulation or may be 
treated for fast release. 

Examples 244-247 in Table 33 demonstrate the use of 
pseudoephedrine hydrochloride in low-moisture sugar for- 
mula u'ons showing less than 2% theoretical moisture: 

TABLE 33 

fWEIGHT PERCENT) 

EX.244 EX.245 EX.246 EX.247 

SUGAR 57.9 55.9 57.9 50.9 

GUM BASE 39.2 39.2 39.2 19.2 



TABLE 34 

50 (WEIGHT PERCENT! 



EX.248 EX.249 EX.250 EX. 253 





SUGAR 


52.5 


50.5 


52.5 


49.0 




GUM BASE 


39.2 


39.2 


39.2 


39.2 


55 


CORN SYRUP* 


35.0 


35.0 


33.0 


32.5 




DEXTROSE 


30.0 


30.0 


30.0 


30.0 




MONO- 












HYDRATE 












GLYCERIN 15 


3.4 


3.4 


3.4 


5.4 




FLAVOR 


OS 


0.9 


0.9 


0.9 


60 


ACTIVE 


3.0 


3.0 


3.0 


3.0 



PSEUDO- 
EPHEDRINE 
HYDRO 
CHLORIDE 



65 'Corn syrup is evaporated to 85% solids, 15% moisture 
"Glycerin and syrup may be blended end co-evaporated 
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TABLE 35 
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TABLE 37 



(WEIGHT PERCENT! 
EX. 252 EX. 253 



EX. 254 EX. 255 



SUGAR 


50.0 


4S.0 


49.0 


47.0 


GUM BASE 


24.0 


24.0 


24.0 


24.0 


CORN 


24.0 


24.0 


24.0 


24.6 


SYRUP 








GLYCERIN 


0.0 


0.0 


3.0 


0.4 


FLAVOR . 


3.0 


3.0 


1.0 


3.0 


ACTIVE 


1.0 


3.0 


3.0 


3.0 


PSEUDO- 








EPHEDRINE 










HYDRO 










CHLORIDE 











fWEIGHT PFRfTNTT| 
EX.260 EX.261 EX.262 EX.263 



30 



Examples 256-259 in Table 36 and Examples 260-267 in 
Tables 37 and 38 demonstrate the use of pseudoepbedrine 
hydrochloride in low- and high-moisture gums that are 
sugar-free. Low- moisture gums have less than about 2% 
moisture, and high-moisture gums have greater than 2% 
moisture. 
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BASE 

SORBITOL 

LIQUID 

SORBITOL* 

MANNITOL 

GLYCERIN 

FLAVOR 

ACTIVE 

PSEUDO- 

EPHEDRINE 

HYDRO 

CHLORIDE 



25.5 


25.5 


25.5 


25.5 


50.0 


48.0 


40.0 


38.0 


30.0 


10.0 


20.0 


20.0 


30.0 


30.0 


30.0 


30.0 


2.0 


2.0 


2.0 


2.0 


3.5 


1.5 


3.5 


3.5 


3.0 


3.0 


3.0 


3.0 
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•Sorbitol liquid contains 70% sorbitol, 30% water 

TABLE 38 



TABLE 36 



(WEIGHT PEBfyisrr| 
EX. 264 EX. 265 EX. 266 



EX. 267 



fWEIGHT PERCENT! 
EX. 256 EX. 257 



EX. 258 EX. 259 



BASE 


25.5 


25.5 


25.5 


25.5 


SORBITOL 


50.0 


48.0 


48.0 


43.0 


MANNITOL 


32.0 


12.0 


12.0 


32.0 


GLYCERIN 


30.0 


30.0 


32.0 


35.0 


FLAVOR 


3.5 


3.5 


1.5 


J .5 


ACTIVE 


3.0 


3.0 


1.0 


3.0 


PSEUDO- 










EPHEDRINE 










HYDRO 










CHLORIDE 











25 



30 



BASE 

SORBITOL 

HSH SYRUP* 

MANNITOL 

GLYCERIN* * 

FLAVOR 

ACTIVE 

PSEUDO- 

EPHEDRINE 

HYDRO- 

CHLORIDE 



25.5 


25.5 


25.5 


25.5 


50.0 


46.0 


44.0 


42.0 


30.0 


30.0 


10.0 


30.0 


8.0 


8.0 


8.0 


8.0 


4.0 


6.0 


30.0 


30.0 


3.5 


1.5 


3.5 


3.5 


3.0 


3.0 


3.0 


3.0 
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•Hydrogcnated starch hydrolyzate syrup 

••Glycerin and HSH syrup may be blended or co-evaporated 



Table 39 shows sugar chewing formulations that can be 
made with various types of sugars. 

TABLE 39 



(WEIGHT PERCENT) 

EX- 2p * EX- ™ EX. 270 EX. 273 EX. 272 EX. 273 EX. 274 EX. 275 EX. 276 EX. 277 EX. 278 EX. 279 



GUM BASE 


39.2 


39.2 


19.2 


19.2 


19.2 


39.2 


19.2 


19.2 


19.2 


19.2 


39.2 


39.2 


SUCROSE . 


4S.5 


44.5 


43.5 


39.5 


33.5 


39.5 


33.5 


39.5 


33J 


39.5 


43.5 


42.5 


GLYCERIN 


3.4 


3.4 


1.4 


3.4 


3.4 


3.4 


1.4 


3.4 


1.4 


3.4 


3.4 


3.4 


CORN SYRUP 


34.0 


•34.0 


34.0 


34.0 


14.0 


14.0 


14.0 


14.0 


14.0 


14.0 


33.0 


11.0 


DEXTROSE 


5.0 


5.0 






10.0 


5.0 


10.0 


5.0 


10.0 


5.0 


30.0 


5.0 


LACTOSE 


5.0 


5.0 


30.0 


30.0 


















FRUCTOSE 


5.0 


5.0 


10.0 


30.0 


10.0 


5.0 


10.0 


5.0 


10.0 


5.0 


5.0 


5.0 


INVERT 










10.0 


10.0 


10.0 


10.0 






5.0 


5.0 


SUGAR 
























MALTOSE 


















10.0 


30.0 






CORN SYRUP 














































5.0 


5.0 


SOLIDS 


























PEPPERMINT 


0.9 


0.9 


0.9 


0.9 


0,9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


FLAVOR 


























ACTIVE 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


1.0 


3.0 


1.0 


3.0 


1.0 


3.0 


PSEUDO- 
























EPHEDRINE 


























HYDRO- 


























CHLORIDE 
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Tabic 40 shows chewing gum fornulations that arc free of 
sugar. These formulations can use a wide variety of other 
non-sugar alditols. 

TABLE 40 



(WEIGHT PERCENT) 



EX. 280 EX. 283 EX. 282 EX. 283 EX. 284 EX. 285 EX. 286 EX. 287 EX. 288 EX. 289 EX. 290 EX. 293 



GUM BASE 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


25.5 


2S.5 


GLYCERIN 


8.0 


8.0 


8.0 


8.0 


8.0 


2.0 


6.0 


8.0 


8.0 


2.0 


8.0 


2.0 


SORBITOL 


47.0 


35.0 


37.0 


30.0 


31.0 


27.0 


41.0 


34.0 


33.0 


38.0 


29.0 


38.0 


MANNTTOL 




30.0 


30.0 


30.0 


30.0 


6.0 


6.0 


6.0 


8.0 








SORBITOL 


37.0 


37.0 










5.0 












LIQUID 


























LYCASIN 






37.0 


2.0 


8.0 


20.0 




5.0 


5.0 


5.0 


30.0 


20.0 


MAlTTTOL 








30.0 








5.0 










XYUTOL 










35.0 


35.0 








15.0 


35.0 




LACTTTOL 














30.0 


30.0 


10.0 








PALATINiT 


















30.0 


30.0 


10.0 


10.0 


FLAVOR 


3.5 


3.5 


3.5 


3.5 


1.5 


3.5 


1.5 


1.5 


1.5 


3.5 


1.5 


3.5 


ACTIVE 


3.0 


3.0 


3.0 


3.0 


1.0 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


PSEUDO- 


























EPHEDRINE 


























HYDRO- 


























CHLORIDE 



























High-intensily sweeteners (HIS) such as aspartame, 
acesulfame K, or the salts of acesulfame, cyclamate and its 
salts, saccharin and its salts, all tame, neotame, su era lose, 
thaumatin, monellin, dihydrochalcone, stevioside, 
glycyrrhizin, and combinations thereof may be used in any 
of the Examples listed in Tables 33-40. Since pseudoephe- 
drine hydrochloride may reduce sweetness, HIS may be 
used in sugar gum, and some of the alditols in sugar-free 
gum are less sweet than sugar so higher levels of HIS may 
be needed to obtain the proper level of sweetness. 

High-intensity sweeteners (HIS) may also be modified to 
control their release in those chewing gum formulations. 
This can be controlled by various methods of encapsulation, 
agglomeration, absorption, or a combination of methods to 
obtain either a fast or slow release of the sweetener. Sweet- 
ener combinations, some of which may be synergistic, may 
also be included in the gum formulations. 

As noted earlier, the gum formulas can be prepared as 
slick or tab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas are generally 
adjusted to a higher level of gum base to give a more 
consumer acceptable size of gum bolus. 

As a result, gum centers are usually formulated with about 
25% to about 40% gum base with a corresponding decrease 
in the other ingredients except flavor. Generally flavors 
increase with the level of gum base as the base tends to bind 
flavors into the gum and more flavor is needed to give a good 
flavorful product. However flavors can also be added to the 
coating to give increased flavor impact and more flavor 
perception. 

Some typical sugar type -gum center formulations are 
shown in Table 41 containing pseudoephedrinc 
hydrochloride, which is a nasal decongestant as an active 
medicament. 
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TABLE 41 

(WEIGHT PERCENT) 



EX. 292 EX. 293 EX. 294 EX. 295 EX. 296 EX. 297 



SUGAR 


52.0 


48,0 


46.5 


44.0 


40.0 


37,5 


GUM BASE 


26.0 


30.0 


35.0 


26.0 


30.0 


35.0 


CORN SYRUP 


20.0 


39.0 


35.00 


38.0 


37.0 


34.00 


GLYCERIN 


3.0 


3.0 


3.00 


3.0 


3.0 


3.00 


PEPPERMINT 


3.U 


3.0 


3.00 


3.0 


3.0 


3.00 


FLAVOR 












DEXTROSE 








30.0 


30.0 


30.00 


MONO- 














HYDRATE 














ACTIVE 


i 


3.0 


1.5 


, ■ 


3.0 


1.5 



PSEUDO- 
45 EPHEDRINE 
HYDRO- 
CHLORIDE 

'All of the active agent is in the coating, which comprises 33% of the 
product. 

50 

Formulations with or without active pseudoephedrine 
hydrochloride can also be made similar to those found in 
Tables 33-38 for low, medium, and high moisture formulas. 
55 Higher levels of base may be used with a corresponding 
decrease in other ingredients. Also, other sugars are polyols 
may be used in the gum center as found in Tables 39 and 40. 
Pseudoephedrine hydrochloride may be added to a gum 
center only, or to a gum coating with none in the center, or 
60 to both center and coating. Coated gum pieces are about 1.5 
grams per piece, so to obtain 30 mg of pseudoephedrine 
hydrochloride in two gum pieces, total piece must contain 
1.0%. 

65 

Pseudoephedrine hydrochloride can be used in the coating 
formula on the various pellet gum formulations. The fol- 
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lowing Tabic 42 shows some sugar and dextrose type 
formulas: 

TABLE 42 
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(DRY WEIGHT PERCENT) 



EX. 298 EX. 299 EX. 300 EX. 301 EX. 302 EX. 303 



SUGAR 
GUM ARABIC 
TITANIUM 
DIOXIDE 
CALCIUM 
CARBONATE 
FLAVOR 
WAX 
PSEUDO- 
EPHEDRINE 
HYDRO- 
CHLORIDE 



97.1 


94.4 


91.3 


96.9 


94.1 


90.6 


2.0 


3.0 


4.0 


2.0 


3.0 


4.0 


0.5 


3.0 


1.0 














Oi 


1.0 


2.0 


0.3 


0.5 


0.8 


OS 


0.8 


0J 


0.1 


0.1 


0.1 


0.1 


0.3 


0.1 




1.0 


3.0' 




1.0 


3.0* 



As shown in Table 43, some of the sugar or dextrose may 
be added as a dry charge, which may also contain the active. 

TABLE 43 

fDRY WEIGHT PERCFhTf| — 
EX. 308 EX. 309 EX. 310 EX. 313 EX. 312 EX. 313 



EX. 304 EX. 305 EX. 306 EX. 307 



DEXTROSE 


97.6 


94.4 


96.2 


91.5 


MONO* 










HYDRATE 










GUM ARABIC 


1.5 


3.0 


1.5 


3.0 


TITANIUM 


0.5 


1.0 






DIOXIDE 










CALCIUM 






3.0 


2.0 


CARBONATE 










FLAVOR 


0.3 


0.5 


0.2 


0.4 


WAX 


0.1 


0.1 


0.1 


0.3 


PSEUDO- 




1.0 


1.0 


3.0' 


EPHEDRINE 










HYDRO- 










CHLORIDE 











10 



35 



20 



25 



30 



SUGAR 


76.5 


78.4 






86.5 




1 DEXTROSE 






76.5 


83.3 




84.3 


MONO- 












HYDRATE 














POWDER 


20.0 


15.0 










SUGAR' 














POWDER 






20.0 


10.0 






DEXTROSE* 














GUM ARABIC 


2.0 


3.0 


2.0 


3.0 


8.0 


8.0 


POWDER 










GUM ARABIC 










4.0 


4.0 


SOLUTION 










FLAVOR 


0.4 


0.5 


0.4 


0.6 


0.4 


0.8 


WAX 


0.1 


0.1 


0.3 


0.1 


0.1 


0.1 


PSEUDO- 


1.0 


3.0' 


1.0 


3.0* 


3.0 


3.0* 


EPHEDRINE 










HYDRO- 














CHLORIDE 















'Powder and/or crystalline sugar may he used. 

'AH of the active agem is in the coaling, which comprise* 33% of the 

product. 



•All of the active agent is in the coating, which comprises 33% of the 
product. 



The above formulations are made by making a syrup by 
dissolving the sugar and gum arabic in solution at about 75% 
solids al boiling, and suspending titanium dioxide or cal- 
cium carbonate in this syrup. Pseudoepbedrine hydrochlo- 
ride may be dissolved in water, not mixed with hot syrup, but 
applied between coatings, or it may be added to the hot syrup 
and used in the early stages of coating or used throughout the 



In Examples 308-311 gum arabic powder is blended in 
the sugar syrup. In Examples 312 and 313, gum arabic 
powder is dry charged after a gum arabic solution is applied 
35 in the first stages of coating, then this is followed by a hard 
shell coating of sugar solution or dextrose solution. 
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Pseudoepbedrine hydrochloride may also be used in coat- 
ing of sugarless gum centers. Like sugar gum centers, the 
base formulation can be increased in proportion to the 
amount of coaling applied to the center. Formulations with 
and without pseudoephedrine hydrochloride similar to those 
coating process. Flavor is not mixed with the hot syrup, but 45 found in Tables 33-38 for low and high moisture gum can 
added at low levels with one or more coats. Pseudoephedrine be used to make gum centers. Generally, the base level may 
hydrochloride may be dissolved in flavor and added to the be increased to 3(M6% with the other ingredients propor- 
coating. After the final coats are applied and dried, wax is tionally reduced. Some typical gum formulas arc in Table 
applied to give a smooth polish. 44. 



TABLE 44 



(WEIGHT PERCENT) 
EX. 314 EX. 315 EX. 336 EX 337 EX. 318 EX. 319 EX. 320 



GUM BASE 


35.0 


35.0 


30.0 


30.0 


30.0 


40.0 


50.0 


CALCIUM 






5.0 


10O 


35.0 






CARBONATE 
















SORBITOL 


43.3 


44.3 


44.8 


AOS 


418 


40.2 


24.5 


MANNJTOL 


10.0 


10.0 


5.0 


30.0 




8.0 


10.0 


GLYCERIN 




8.0 


2.0 




8.0 


2.0 


2.0 


SORBITOL 


10.0 




10.0 


8.0 




6.0') 


10.0*> 


LIQUID 














FLAVOR 


1.5 


IS 


1.5 


li 


2.0 


2.0 


3.3 


HIGH INTENSITY 


0.2 


0.2 


0.2 


0.2 


0.2 


0.3 


0.2 


SWEETENER 
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TABLE 44-continued 





fWEIGHT PERCENT! 






EX. 314 EX. 315 EX. 316 EX. 317 EX. 318 EX. 319 


EX. 320 


ACTIVE 


— c} 1.0 1.5 — e > 1.0 1.5 


2.0^ 


PSEUDO- 






EPHEDRINE 






HYDRO- 






CHLORIDE^ 







0 Lycasin brand hydrogenated starch hydrolyzate used instead of sorbitol liquid 
b> riis material may be dissolved in water, glycerin, sorbitol liquid, or HSH. 
e) AJl of the active agent is is the coating, which comprises 33% of the product. 
^This example required 50% of the product to be a coating with no active agent in the 
coating, to give a gum product with 1% active agent. 



In the above center formulations, the high intensity sweet- 
ener used is aspartame. However other high intensity such as 
alitame, acesulfame K, salts of acesulfame, cyclamate and 
its salts, saccharin and its salts, neotame, sucralose, 
thaumatin, roonellin, dihydrocbalcone, slevioside, glycyr- 
rhizin and combinations thereof may be used in any of the 
examples with the level adjusted for sweetness. 

Lycasin and other polyols such as mallitol, erythritol, 
xylitol, lactitol and hydrogenated isomaltulose may also be 
used in the gum center formulations at various levels similar 
to those shown in Table 40. The texture may be adjusted by 
varying glycerin or sorbitol liquid. Sweetness of the center 
formulation can also be adjusted by varying the level of high 
intensity sweetener. 

Pseudoephedrine hydrochloride may be used in sugarless 
coatings with xylitol, sorbitol, maltitol, lactitol, hydroge- 
nated isomaltulose and erythritol. The following table gives 
formulas for a xylitol coating: 

TABLE 45 



fDRY WEIGHT PERCENT) 



EX. 321 EX. 322 EX. 323 EX. 324 EX. 325 EX. 326 



XYLITOL 


94.8 


91.4 


87.7 


90.1 


88.9 


65.8 


GUM ARABIC 


4.0 


6.0 


7.0 


8.5 


8.5 


10.0 


FLAVOR 


0.5 


0.5 


0.7 


0.7 


0.9 


0.5 


TITANIUM 


0.5 


0.9 




0.5 


0.5" 


0.5 


DIOXIDE 














TALC 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


WAX 


0.1 


0.1 


0.3 


0.1 


0.3 


0.1 


COLOR* 






1.4 








PSEUDO- 




1.0 


3.0* 




1.0 


3.0' 



EPHEDRINE 
HYDRO- 
CHLORIDE 



•lake color dispersed in xylitol solution 

"Calcium carbonate used in place of titanium dioxide 

'All of the active agent is in the coaling, which comprises 33% of the 

product. 

The above formulas are used to coat pellets by applying 
a xylilol/gum arabic solution in multiple coats and air 
drying. Color or whitener is also mixed in the solution. 
Pseudoephedrine hydrochloride may be dissolved in water 
or flavor and added between coating applications or mixed 
with the hot syrup and used in the early stages of coating or 
used throughout the coating process. After pellets have been 
coated and dried, talc and wax are added to give a polish. 

For coating formulas based on sorbitol, maltitol, lactitol, 
erythritol, and hydrogenated isomaltulose, gum arabic can 
be used as a binder and film former, and a crystallization 
modifier to help facilitate coating. Generally these polyols 



are more difficult to coat using only a straight syrup, but with 
proper technique a good smooth hard shell can be made. 
However, it may be preferable to add a dry charge to quicken 
20 the drying process before the pellets gel too sticky. The 
following formulations may be used. 

TABLE 46 



(DRY WEIGHT PERCENT) 



EX. 327 EX, 328 EX. 329 EX. 330 EX. 331 EX. 332 



MALTITOL 


96.8 


93.9 


69.1 


86.6 


75.1 


68.5 


MALTITOL 








10.O 


20.0 


25,0 


POWDER 












GUM ARABIC 


2.0 


4.0 


6.0 


2.0 


3.0 


4.0 


FLAVOR 


0.5 


0.4 


0.7 


0.5 


0.3 


0.7 


TITANIUM 


0.5 


0.5 


1.0 


0.5 


0.4 


0.6 


DIOXIDE 












TALC 


0.1 


0.1 


0,1 


0.1 


0.3 


0.1 


WAX 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


PSEUDO- 




1.0 


3.0« 




3.0 


3.0* 


EPHEDRINE 












HYDRO- 














CHLORIDE 















•All of the active agent is in the coating, which comprises 33% of the 
4Q product. 

Maltitol powder is used to dry charge in the early stages 
of coating. Maltitol, gum-arabic, and whitener are blended 
into a syrup and applied to pellets. After all coating is 
applied and dried, talc and wax are added to give a polish. 
45 Pseudoephedrine hydrochloride may be applied in a similar 
manner as in the previous xylitol coating examples, or may 
be preblended with the dry charge material. 

In a similar manner, coatings with sorbitol, lactitol, and 
hydrogenated isomaltulose may be made in the coating 
50 formulas in Table 46 by replacing maltitol with any one of 
the other polyols and maltitol powder with the polyol 
powder. Like mallitol, the other polyols may become sticky 
during the coating and drying process, so the dry powder 
charge may be needed to give the proper drying. In the later 
55 stages of the coating process, less gum arabic could be used 
and a more pure polyol syrup could be used to give a smooth 
surface. Also, the dry charge would only be used in the early 
stages of the coating process. 
In addition to dry charging with the specific polyol, other 
60 ingredients may be added to the dry charge to help absorb 
moisture. These materials could be inert such as talc, cal- 
cium carbonate, magnesium carbonate, starches, gums like 
arabinogalactan, gum talha, gum arabic or other moisture 
absorbing materials. Also, powdered sweeteners or flavors 
65 could be added with the dry charge. 

Some polyols such as sorbitol, maltitol, lactitol, erythritol, 
or hydrogenated isomaltulose are not sufficiently sweet 
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compared to sugar or xylitol, so high intensity sweeteners 
may be added to the coating, such as aspartame, acesulfame 
K, salts of acesulfame, cyclamate and its salts, saccharin and 
its salts, aliiame, sucralose, thaumatin, monellin, 
dihydrochalconc, glycyrrhizin, neotame, and combinations 
thereof. If a hot syrup is applied, heat may degrade the 
sweetener so only stable sweeteners should be used. Gen- 
erally high intensity sweeteners are added with the polyol/ 
gum arabic solution to obtain an even distribution in the 
coatings. 

Liquid flavors generally are not added throughout the 
coating but at specific points throughout the process. When 
flavor is added, less air is used for drying until the flavor 
coating is covered by the next coatings and dried. Flavors 
may be various spearmint, peppermint, wintergreen, 
cinnamon, and fruit flavors to yield a wide variety of 
flavored chewing gum products. 

As noted earlier, the gum formulas can be prepared as 
stick or tab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas are generally 
adjusted to a higher level of gum base to give a more 
consumer acceptable size of gum bolus. 

As a result, gum centers are usually formulated with about 
25% to about 40% gum base with a corresponding decrease 
in the other ingredients except flavor. Generally flavors 
increase with the level of gum base as the base tends to bind 
flavors into the gum and more flavor is needed to give a good 
flavorful product. However flavors can also be added to the 
coating to give increased flavor impact and more flavor 
perception. 

Some typical sugar type gum center formulations are 
shown in Table 47 in which cetyl pyridimium chloride 
(CPC) can be added as the active medicament. This medi- 
cament can be used as an oral antimicrobial to reduce oral 
malodor and reduce oral bacteria. These formulas give a 1.5 
gram piece containing 5 mg of CPC or 0.33%. Gum center 
formulas may or may not contain CPC, which has been 
encapsulated for controlled release. 
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CPC can be used in the coating formula on the various 
pellet gum formulations. The following Table 48 shows 
some sugar and dextrose type formulas: 

TABLE 48 

(DRY WEIGHT PERCENT) 

EX. 339 EX. 340 EX. 34] EX. 342 EX. 343 EX. 344 



10 



35 



20 



25 



SUGAR 


97.1 


95.07 


93.1 


96.9 


94.77 


92.6 


, GUM ARABIC 


2.0 


3.0 


4.0 


2.0 


3.0 


4.0 


TITANIUM 


0.5 


1.0 


3.0 








DIOXIDE 














CALCIUM 








0.5 


3.0 


2.0 


CARBONATE 










FLAVOR 


0.3 


0.5 


0.8 


0.5 


0.8 


0.3 


WAX 


0.3 


0.1 


0.3 


0.3 


0.1 


0.3 


CPC 




0.33 


3.0* 




0.33 


1.0* 


EX. 345 EX. 346 EX. 347 EX. 348 


DEXTROSE 


97.6 


95.07 


96.87 


93.5 






MONO- 












HYDRATE 














GUM ARABIC 


1.5 


3.0 


3.5 


3.0 






TITANIUM 


0.5 


1.0 










DIOXIDE 














CALCIUM 






1.0 


2.0 






CARBONATE 












FLAVOR 


0.3 


0.5 


0.2 


0.4 






WAX 


0.1 


0.1 


0.3 


0.3 






CPC 




0.33 


0.33 


3.0* 







30 



35 



40 



TABLE 47 



fWEIGHT PERCENT! 
EX. 333 EX. 334 EX. 335 EX. 336 EX. 337 EX. 338 



SUGAR 


52.0 


48.67 


47.5 


44.0 


40.67 


385 


GUM BASE 


26.0 


30.0 


35.0 


26.0 


30.0 


35.0 


CORN SYRUP 


20.0 


19.0 


15.0 


18.0 


17.0 


14.0 


GLYCERIN 


3.0 


1.0 


1.0 


1.0 


1.0 


1.0 


PEPPERMINT 


3.0 


1.0 


1.0 


1.0 


1.0 


3.0 


F1AVOR 














DEXTROSE 








10.0 


10.0 


10.0 


MONO- 














HYDRATE 














ACTIVE CPC 


i 


033 


0.5 


* 


0J3 


03 



AS 
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•AIJ of iht active agent ia in the coating, which comprise* 33% of the 
product. 

Tbe above formulations are made by making a syrup by 
dissolving the sugar and gum arabic in solution at about 75% 
solids at boiling, and suspending titanium dioxide or cal- 
cium carbonate in this syrup. CPC may be dissolved in 
water, not mixed with hot syrup, but applied between 
coatings, or it may be added to the hot syrup and used in the 
early stages of coating or used throughout the coating 
process. Flavor is not mixed with the hot syrup, but added 
at low levels with one or more coats. CPC may also be 
premixed with the flavor. After the final coats are applied 
and dried, wax is applied to give a smooth polish. 

Tbe above process gives a hard shell coating. Often a dry 
charge of powdered sugar or dextrose monohydrate may be 
used. This gives a somewhat softer coating. A dry charge 
may be used to build up a coating, but then finished with a 
straight syrup to obtain a hard shell. CPC may be added dry 
to the coating with tbe dry charge material. Table 49 gives 
these types of formulas. 

TABLE 49 

(DRY WEIGHT PPRfFMyj ~~ 
EX. 349 EX. 350 EX. 353 EX. 352 EX. 353 EX. 354 



'All of the active agent is in tbe coating, which comprises 33% of the 
product 

Formulations with or without CPC can also be made 
similar to those found in previous tables for low, medium, 
and high moisture formulas. Higher levels of base may be 
used with a corresponding decrease in other ingredients. 
Also, other sugars and polyols may be used in the gum 
center as found in previous tables. Cety] pyridimium chlo- 
ride may be added to a gum center only, into a gum coating 
with more in the center or to both center and coaling. 
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60 



SUGAR 


77.37 


60.4 






87.37 




DEXTROSE 






77.17 


85J 




86.3 


MONO- 












HYDRATE 














POWDER 


20.0 


15.0 










SUGAR* 














POWDER 






20.0 


30.0 






DEXTROSE 














GUM ARABIC 


2.0 


3.0 


2.0 


3.0 


8.0 


8.0 


POWDER 










GUM ARABIC 










4.0 


4.0 


SOLUTION 










FLAVOR 


0.4 


0.5 


0.4 


0.6 


0.4 


0.R 


WAX 


0.1 


0.1 


0.3 


0.3 


0.1 


0.1 


CPC 


0.33 


1.0* 


0.33 


3.0* 


0.33 


l.o- 
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"Powder and/or crystalline sugar may be used. 

•All of the active agent is in the coating, which comprise* 33% of the 

product. 
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In Examples 349-352, gum arabic is bl coded in the sugar 
syrup. In Examples 353 and 354, gum arabic powder is dry 
charged after gum arabic solution is applied in the first 
stages of coating, then this is followed by a hard shell 
coating of sugar solution or dextrose solution. 5 

Cetyl pyridimium chloride may also be used in coating of 
sugarless gum centers. Like sugar gum centers, the base 
formulation can be increased in proportion to the amount of 
coating applied (o the center. Formulations with and without 
cetyl pyridimium chloride similar to those found in previous *0 
tables for low and high moisture gum can be used to make 
gum centers. Generally, the base level may be increased to 
30-46% with the other ingredients proportionally reduced. 
Some typical gum center formulas are in Table 50. 



wax 

COLOR 
CPC 
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TABLE 51-continued 



(DRV WEIGHT PERCENT) 
EX. 362 EX. 363 EX. 364 EX. 365 EX. 366 EX. 367 



0.1 



0.3 



— 0.33 



0.] 
1.4 
3.0' 



0.1 



0.33 



0.] 



3.0* 



0.3 



•Lake color dispersed in xylitol solution 

"Calcium carbonate used in place of titanium dioxide 

'All of the active agent is in the coating, which comprises 33% of the 

product. 



TABLE 50 



(WEIGHT PERCENT) 
EX. 355 EX. 356 EX. 357 EX. 358 EX. 359 EX. 360 EX. 363 



GUM BASE 


35.0 


35.0 


30.0 


30.0 


30.0 


40.0 


50.0 


CALCIUM 






5.0 


30.0 


15.0 






CARBONATE 
















SORBITOL 


43.3 


44.97 


45.8 


40.3 


44.47 


43.2 


25.84 


MANNITOL 


10.0 


10.0 


5.0 


10.0 




8.0 


10.0 


GLYCERIN 




8.0 


2.0 




8.0 


2.0 


2.0 


SORBITOL 


30.0 




30.0 


8.0 




6.0'> 


10.0° 


LIQUID 
















FLAVOR 


1.5 


3.5 


3.5 


3.5 


2.0 


2.0 


3.3 


HIGH 


0.2 


0.2 


0.2 


0.2 


0.2 


0.3 


0.2 


INTENSITY 
















SWEETENER 
















CPC*» 


_c) 


0.33 


0.5 


_<0 


0.33 


0.5 


0.66^ 



^Lycasin brand hydrogen a ted starcb bydrolyzate used instead of sorbitol liquid. 
b> This material may be dissolved in water, glycerin, sorbitol liquid, or HSH. 
C) A1I of the active agent is in the coating, which comprises 33% of the product. 
"^This example requires 50% of the product to be a coating with no active agent in the 
coating, to give a gum product with 0.33% active. 



In the above center formulations, the high intensity sweet- 
ener used is aspartame. However other high intensity such as 
alitame, acesulfamc K, salts of acesulfame, cyclamate and 40 
its salts, saccharin and its salts, neotame, sucralose, 
thaumatin, monellin, dihydrocbalcone, stevioside, glycyr- 
rhizin and combinations thereof may be used in any of the 
examples with the level adjusted for sweetness. 

Lycasin and other poly 0 Is such as maltitol, xylitol, 
erythritol, lactitol and hydrogen a ted isomaltulose may also 
be used in the gum center formulations at various levels. The 
texture may be adjusted by varying glycerin or sorbitol 
liquid. Sweetness of the center formulation can also be 
adjusted by varying the level of high intensity sweetener. 

Cetyl pyridimium chloride may be used in sugarless 
coatings with xylitol, sorbitol, maltitol, lactitol, hydroge- 
nated isomaltulose and erythritol. The following table gives 
formulas for a xylitol coating: ~ 55 

TABLE 51 



45 



50 



(DRY WEIGHT PERCENT) 
EX. 362 EX. 363 EX. 364 EX. 365 EX. 366 EX. 367 



60 



The above formulas arc used to coat pellets by applying 
a xylitol/gum arabic solution in multiple coats and air 
drying. Color or whitener is also mixed in the solution. CPC 
may be dissolved in water or flavor and added between 
coating applications, or mixed with the hot syrup and used 
in the early stages of coating or used throughout the coating 
process. After pellets have been coated and dried, talc and 
wax are added to give a polish. 

For coating formulas based on sorbitol, maltitol, lactitol, 
erythritol, and hydrogenated isomaltulose, gum arabic can 
be used as a binder and film former, and a crystallization 
modifier to help facilitate coating. Generally these polyols 
are more difficult to coat using only a straight syrup, but with 
proper technique a good smooth hard shell can be made. 
However, it may be preferable to add a dry charge to quicken 
the drying process before the pellets get loo sticky. The 
following formulations may be used. 

TABLE 52 

(DRY WEIGHT PERCENT) 
EX. 368 EX. 369 EX. 370 EX. 373 EX. 372 EX. 373 



XYUTOL 


94.8 


92.07 


89.7 


90.1 


89.57 


87.8 


MALTITOL 


96.8 


94.57 


91.1 


GUM ARABIC 


4.0 


6.0 


7.0 


8.5 


8.5 


10.0 


MALTITOL 








FLAVOR 


0.5 


0.5 


0.7 


0.7 


0.9 


OS 


POWDER 








TITANIUM 


0.5 


0.9 




0.5 


0.5- 


0.5** 


ARABINO- 


2.0 


4.0 


6.0 


DIOXIDE 














65 GALACTAN 








TALC 


0.3 


0.3 


0.3 


0.1 


0.3 


0.1 


FLAVOR 


0.5 


0.4 


0.7 



86.8 


75.77 


68.5 


30.0 


20.0 


25.0 


2.0 


3.0 


4.0 


0.5 


0.3 


0.7 
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(DRY WEIGHT PERCENT) 
EX. 368 EX. 369 EX. 370 EX. 3?) 



TITANIUM 


0.5 


0.5 


3.0 


0.5 


0.4 


0.6 


DIOXIDE 












TALC 


0.3 


0.3 


0.1 


0.3 


0.1 


0.1 


WAX 


0.1 


0.3 


0.3 


0.3 


0.1 


0.1 


CETYL 




0.33 


1.0* 




0.33 


1.0" 


PYRIDlMIUM 












CHLORIDE 















"All of the active agent is in the coating, which comprises 33% of the 
product. 



20 



30 



35 



MaJlitol powder is used to dry charge in the early stages 
of coating. Mallitol, gum arabic, and whitener are blended 
into a syrup and applied to pellets. After all coating is 
applied and dried, talc and wax are added to give a polish. 
Cetyl pyridimium chloride may be applied in a similar 
manner as in ibe previous xylitol coating examples, or 
preblended with the dry charge materials. 

In a similar manner, coatings wiih sorbitol, laclitol, and 
hydrogen a ted isomahulose may be made in the coating 
formulas in Table 52 by replacing mallitol with any one of 25 
the other polyols and mallitol powder with the polyol 
powder. Like mallilol, the other polyols may become sticky 
during the coating and drying process, so the dry powder 
charge may be needed lo give ihe proper drying. In the later 
stages of the coating process, less gum arabic could be used 
and a more pure polyol syrup could be used to give a smooth 
surface. Also, the dry charge would only be used io the early 
stages of the coaling process. 

In addition to dry charging with the specific polyol, other 
ingredients may be added to the dry charge lo help absorb 
moisture. These materials could be inert such as talc, cal- 
cium carbonate, magnesium carbonate, starches, gums like 
arabinogalactan, gum talha, gum arabic or other moisture 
absorbing materials. Also, powdered sweeteners or flavors 
could be added with the dry charge. 

Some polyols such as sorbitol, maltitol, erythritol, laclitol, 
or bydrogenated isomaltulose are not sufficiently sweet 
compared to sugar or xylitol, so high intensity sweeteners 
may be added to the coating, such as aspartame, acesulfame 
K, salts of acesulfame, cyclamale and its salts, saccharin and 
its salts, alitame, sucralose, thaumalin, rnonellin, 
dihydrochalcone, glycyrrhizin, neotame, and combinations 
thereof. If a hot syrup is applied, heat may degrade the 
sweetener so only stable sweeteners should be used. Gen- 
erally high intensity sweeteners are added with the polyol/ 
gum arabic solution to obtain an even distribution in the 
coatings. 

Liquid flavors generally are not added throughout the 
coating but at specific points throughout the process. -When 
flavor is added, less air is used for drying until the flavor 
coating is covered by the next coatings and dried. Flavors 
may be various spearmint, peppermint, winlergreen, 
cinnamon, and fruit flavors to yield a wide variety of 
flavored chewing gum products. 

As noted earlier, the gum formulas can be prepared as 
stick or tab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas are generally 
adjusted lo a higher level of gum base lo give a more 
consumer acceptable size of gum bolus. 



As a result, gum centers arc usually formulated with about 

} 5% 10 ab ° u! *0% gum base with a corresponding decrease 

in the other ingredients except flavor. Generally flavors 
increase with ihe level of gum base as ihe base tends to bind 
EX. 372 ex. 373 5 flavors int <> tl* gum and more flavor is needed to give a good 
flavorful product. However flavors can also be added lo the 
coating to give increased flavor impact and more flavor 
perception. 

Some typical sugar type gum center formulations are 
shown in Table 53, in which ketoprofen can be added as the 
active medicament. Ketoprofen is an analgesic lo reduce 
inflammation and pain. These formulas give a 13 gram 
piece containing 12.5 mg of ketoprofen or 0.83% of the total 
gum product. Gum center formulas may or may not contain 
encapsulated or controlled release ketoprofen. 



30 



35 



TABLE 53 



52.0 


48.17 


46.75 


44.0 


40,37 


37.75 


26.0 


30.0 


35.0 


26.0 


30.0 


35.0 


20.0 


19.0 


35.0 


38.0 


37.0 


34.0 


3.0 


1.0 


1.0 


1.0 


1.0 


1.0 


3.0 


1.0 


1.0 


1.0 


1.0 


1.0 








10.0 


10.0 


10.0 




0.83 


3.25 


• 


0.83 


1.25 



40 
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EX. 374 EX. 375 EX. 375 EX. 377 EX. 37 8 EX. 379 

SUGAR — — — — -™_-_- 

gum base 

CORN SYRUP 
GLYCERIN 
PEPPERMINT 
FLAVOR 
DEXTROSE 
MONO- 
HYDRATE 
KETO- 
PROFEN 

'Ail of the active agent is in the coaling, which comprise* 33% of the 
product 

Formulations with or without ketoprofen can also be 
made similar lo those found in previous tables for low, 
medium, and high moisture formulas. Higher levels of base 
may be used with a corresponding decrease in other ingre- 
dients. Also, other sugars and polyols may be used in the 
gum center as found in previous tables. Ketoprofen may be 
added to a gum center only, into a gum coating with none in 
the center, or to both center and coating. 

Ketoprofen can be used in the coating formula on the 
various pellet gum formulations. The following Table 54 
shows some sugar and dextrose type formulas: 

TABLE 54 

(DRY WEIGHT PERCENT) 
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EX. 380 


EX. 381 


EX. 382 EX. 383 EX. 384 EX. 385 


SUGAR 


97.1 


94i7 


91.6 


96.9 


94.27 


91.1 


GUM ARABIC 


2.0 


3.0 


4.0 


2.0 


3.0 


4.0 


TITANIUM 


0.5 


3.0 


1.0 








DIOXIDE 














CALCIUM 








0.5 


3.0 


2.0 


CARBONATE 










FLAVOR 


03 


0.5 


Oi 


0.5 


0.8 


0.3 


WAX 


0.1 


0.3 


0.3 


0.3 


0.1 


0.1 


KETO- 




0.83 


2J ( 




0.83 


2.S 1 


PROFEN 











EX.386 EX.387 EX.388 EX.389 



DEXTROSE 


97.6 


94.57 


MONO- 






HYDRATE 






GUM ARABIC 


15 


3.0 


TITANIUM 


05 


3.0 


DIOXIDE 







96J7 92.0 



1J 



3.0 
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TABLE 54-continued 



TABLE 55-coniinued 



(DRY WEIGHT PERCENT) 



CALCIUM 






1.0 


2.0 


CARBONATE 










FLAVOR 


0.3 


0.5 


0.2 


0.4 


WAX 


o.a 


QJ 


0.1 


0.1 


KETO- 




0.83 


0.83 


2.5 1 


PROFEN 











'All of the active agent is in the coating, which comprises 33% of the 
product. 

The above formulations are made by making a syrup by 
dissolving the sugar and gum arabic in solution at about 75% 
solids at boiling, and suspending titanium dioxide or cal- 
cium carbonate in this syrup. Ketoprofen may be dissolved 
in water, not mixed with hot syrup, but applied between 
coatings, or it may be added to the hot syrup and used in the 
early stages of coating or used throughout the coating 
process. Flavor is not mixed with the hot syrup, but added 
at low levels with one or more coals. Ketoprofen may also 
be premixed with the flavor. Afterthe final coats are applied 
and dried, wax is applied to give a smooth polish. 

The above process gives a hard shell coating. Often a dry 
charge of powdered sugar or dextrose monobydrate may be 
used. This gives a somewhat softer coating. A dry charge, 
which also may contain the active, may be used to build up 
a coaling, but then finished with a straight syrup to obtain a 
hard shell. Table 55 gives these types of formulas. 



(DRY WEIGHT PERCENT) 
EX. 390 EX. 391 EX. 392 EX. 393 EX. 394 EX. 395 



GUM ARABIC 
POWDER 
GUM ARABIC 
SOLUTION 
10 FLAVOR 
WAX 
KETO- 
PROFEN 



2.0 



3.0 



2.0 



3.0 



8.0 



— — — — 4.0 



0.4 
0.1 
0.83 



OS 
0.1 
2.5' 



0.4 
0.1 
0.83 



0.6 
0.1 
15* 



0.4 
0.1 
0.83 



8.0 

4.0 

0.8 
0.1 
2.5* 



'Powder and/or crystalline sugar may be used. 
] 5 'All of the active agent is in the coating, which comprises 33% of the 
product 

In Examples 390-393, gum arabic is blended in the sugar 
syrup. In Examples 394 and 395, gum arabic powder is dry 
charged after gum arabic solution is applied in the first 

20 stages of coating, then mis is followed by a hard shell 
coating of sugar solution or dextrose solution. 

Ketoprofen may also be used in coaung of sugarless gum 
centers. Like sugar gum centers, the base formulation can be 
increased in proportion to the amount of coating applied to 

25 the center. Formulations with and without ketoprofen similar 
to those found in previous tables for low and high moisture 
gum can be used to make gum centers. Generally, the base 
level may be increased to 30-46% with the other ingredients 
proportionally reduced. Some typical gum formulas are in 
Table 56. 



TABLE 56 



fWEIGHT PERCENT) 





EX. 396 


EX.397 


EX. 398 


EX. 399 EX. 400 


EX. 401 


EX. 402 


GUM BASE 


35.0 


35.0 


30.0 


30.0 


30.0 


40.0 


50.0 


CALCIUM 






5.0 


10.0 


15.0 






CARBONATE 
















SORBITOL 


43.3 


44.47 


45.05 


40.3 


43.97 


40.45 


24.83 


MANNTTOL 


10.0 


10.0 


5.0 


10.0 




8.0 


10.0 


GLYCERIN 




8.0 


2.0 




8.0 


2.0 


2.0 


SORBITOL 


10.0 




10.0 


8.0 




6.0'> 


10.0'> 


UQUID 














F1AVOR 


1.5 


IS 


1.5 


li 


10 


2.0 


13 


HIGH 


0.2 


02 


0.2 


0.2 


0.2 


0.3 


0.2 


INTENSITY 














SWEETENER 
















KETOPROFEN* 5 


_0 


0.83 


1.25 


—0 


0.83 


1.25 


1.67") 



'^Lycasin brand hydrogen a ted starch hydrolyzate used instead of sorbitol liquid. 
b) Ketoprofeo may be dissolved in water, glycerin, sorbitol liquid, or HSH, or flavor. 
C) A11 of the active agent is in the coaling, which comprises 33% of the product 
^Thk example requires 50% of the product to be a coating with no active agent in the 
coating, to give a gum product with 0.83% active agent. 



SUGAR 
DEXTROSE 
MONO- 
HYDRATE 
POWDER 
SUGAR* 
POWDER 
DEXTROSE- 



TABLE 55 



(DRY WEIGHT PERCENT) 
EX. 390 EX. 391 EX. 392 EX. 393 EX. 394 EX. 395 



76.67 78.9 



— 66.67 



- — 76.67 83.8 — 



84.6 



20.0 



15.0 — 



— 20.0 



10.0 — — 



In the above center formulations, the high intensity sweet- 
ener used is aspartame. However other high intensity such as 
alitame, acesulfame K, salts of acesulfame, cyclamate and 
its salts, saccharin and its salts, neotame, sucralose, 
thaumatin, monellin, dihydrochalcone, stevioside, glycyr- 
rhizirj and combinations thereof may be used in any of the 
examples with the level adjusted for sweetness. 

Lycasin and other polyols such as maltitol, xylitol, 
erythritol, lactitol and hydrogenated isomallulose may also 
be used in the gum center formulations at various levels. The 
texture may be adjusted by varying glycerin or sorbitol 
liquid. Sweetness of the center formulation can also be 
65 adjusted by varying the level of high intensity sweetener. 
Ketoprofen may be used in sugarless coatings with 
xylitol, sorbitol, maltitol, lactitol, hydrogenated isomalru- 



55 



60 
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lose and crylhritol. The following tabJe gives formulas for a 
xylitol coating; 

TABLE 57 

(DRY WEIGHT PERCENT) 
EX. 403 EX. 404 EX. 405 EX. 406 EX. 407 EX. 408 



66 



XYLITOL 


94.fi 


93.57 


88.2 


90.1 


89.07 


86.3 


GUM ARABIC 


4.0 


6.0 


7.0 


8.5 


8.5 


30.0 


FLAVOR 


0.5 


0.5 


0.7 


0.7 


0.9 


Oi 


TITANIUM 


0.5 


0.9 




0.5 


0.5" 


0.5" 


DIOXIDE 










TALC 


O.J 


0.1 


0.3 


0.1 


0.3 


0.3 


WAX 


0.1 


0.3 


0.3 


0.3 


0.1 


0.3 


COLOR* 






1.4 








KETO- 




0.83 


2.5' 




0.83 


25* 


PROFEN 













10 



35 



•Lake color dispersed in xylilol solution. 
Calcium carbonate used in place of titanium dioxide. 
•Al) of the active agent is in the coating, which comprises 33% of the 
product. 

The above formulas are used lo coat pellets by applying 
a xylitol/gum arabic solution in multiple coals and air 
drying. Color or whitener is also mixed in the solution. After 
pellets have been coated and dried, talc and wax arc added 
lo give a polish. Keloprofen may be dissolved in water or 
flavor and added between coating applications, or mixed 
with the hot syrup and used in the early stages of coating or 
used throughout the coating process. 

For coating formulas based on sorbitol, maltitol, lactitol, 
erythritol, and hydrogenated isomaltulose, gum arabic can 
be used as a binder and film former, and a crystallization 
modifier to help facilitate coaling. Generally these polyols 
are more difficult to coat using only a straight syrup, but with 



proper technique a good smooth hard shell can be made. * - .u *uuu. W7C gum oasc wun a corresponding decrease 
However, it may be preferable to add a dry charge to quicken 35 in the other ingredients except flavor. Generally flavors 
the drvine process before the Dellets oct inn «ti>i™ t^p inert* with tk~ »r «™ k. ^ •_ ; . . . . 



during the coating and drying process, so the dry powder 
charge may be needed to give the proper drying. In the later 
stages of the coating process, less gum arabic could be used 
and a more pure polyol syrup could be used to give a smooth 
surface. Also, Ihe dry charge would only be used in the early 
stages of the coaling process. 

In addition lo dry charging with the specific polyol, other 
ingredients may be added to the dry charge to help absorb 
moisture. These materials could be inert such as Ulc, cal- 
cium carbonate, magnesium carbonate, starches, gums like 
arabinogalactan, gum talha, gum arabic or other moisture 
absorbing materials. Also, powdered sweeteners or flavors 
could be added with the dry charge. 

Some polyols such as sorbitol, ma liitol, erythritol, lactitol, 
or hydrogenated isomaltulose are not sufficiently sweet 
compared to sugar or xylitol, so high intensity sweeteners 
may be added to the coating, such as aspartame, acesulfame 
K, salts of acesulfame, cyclamate and its salts, saccharin and 
its salts, alitame, sucralosc, thaumatin, monellin, 
20 dihydrochalcone, glycyrrhian, neotame, and combinations 
thereof. If a hot syrup is applied, heat may degrade the 
sweetener so only stable sweeteners should be used. Gen- 
erally high intensity sweeteners are added with the polyol/ 
gum arabic solution to obtain an even distribution in the 
coatings. 

As noted earlier, the gum formulas can be prepared as 
stick or lab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas are generally 
adjusted to a higher level of gum base to give a more 
consumer acceptable size of gum bolus. 

As a result, gum centers are usually formulated with about 
25% lo about 40% gum base with a corresponding decrease 



25 



30 



the drying process before the pellets get too sticky. The 
following formulations may be used. 

TABLE 58 

(DRY WEIGHT PERCFN7) 
EX.409 EX. 410 EX. 431 EX. 412 EX. 413 EX. 434 



MALTITOL 


96.fi 


94.07 


89.6 


86.8 


75.27 


67.0 


MAUTTOL 








10.0 


20.0 


25.0 


POWDER 












GUM ARABIC 


2.0 


4.0 


6.0 


2.0 


3.0 


4.0 


F1AVOR 


0.5 


0.4 


0.7 


0.5 


0.3 


0.7 


TITANIUM 


0.5 


OS 


3.0 


0.5 


0.4 


0.6 


DIOXIDE 












TALC 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


WAX 


0.1 


0.3 


0.3 


0.3 


0.3 


0.3 


KETO- 




0.83 


2.5* 




0.83 


2.5' 


PROFEN 
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product 
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Maltitol powder is used to dry charge in the early stages 
of coating. Malutol, gum arabic, and whitener are blended 
inlo a syrup and applied to pellets. After all coating is 
applied and dried, talc and wax are added to give a polish. 
Ketoprofen may be applied in a similar manner as in the 
previous xylilol coating examples, or preblended with the 
dry charge material and added to the coating. 

In a similar manner, coatings with sorbitol, lactitol, and 
hydrogenated isomaltulose may be made in the coating 
formulas in Table 58 by replacing maltitol with any one of 65 
the other polyols and maltitol powder with the polyol 
powder. Like maltitol, the other polyols may become sticky 



increase with the level of gum base as the base tends to bind 
flavors into the gum and more flavor is needed to give a good 
flavorful product. However flavors can also be added to the 
coating lo give increased flavor impact and more flavor 
40 perception. 

Some typical sugar type gum center formulations are 
shown in Table 59 in which dextromethorphan hydrobro- 
mide can be added as the active medicament. This material 
is an antitussive for cough relief. These formulas give a 1.5 
gram piece containing 15 mg of doctromethorphan hydro- 
bromide or 1.0% of gum product. Gum centers may or may 
not contain dextromethorphan hydrobromide. 

m TABLE 59 

fWEIGHT PERCFNT) 

EX- 415 EX. 436 EX 417 EX 438 EX. 439 EX. 420 

SUGAR 
GUM BASE 
CORN SYRUP 
GLYCERIN 
PEPPERMINT 
FLAVOR 
DEXTROSE 
MONO* 
HYDRATE 
DEXTRO- 
METHOR- 
PHAN 
HBr 

Formulations with or without Dextromethorphan HBr can 
also be made similar to those found previously in Tables for 
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52.0 


48.0 


46.5 


44.0 


40.0 


37.5 


26.0 


30.0 


35.0 


26.0 


30.0 


35.0 


20.0 


39.0 


15.0 


18.0 


37.0 


34.0 


3.0 


3.0 


LO 


1.0 


3.0 


3.0 


3.0 


3.0 


1.0 


3.0 


3.0 


3.0 








10.0 


30.0 


30.0 


■ 


3.0 


1.5 


• 


3.0 


3.5 
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]ow, medium, and high moisture formulas. Higher levels of 
base may be used with a corresponding decrease in other 
ingredients. Also, other sugars and polyols may be used in 
the gum center as found in previous tables. Dextromethor- 
phan HBr may be added to the gum center only, inlo a gum 
coating with none in the center, or both center and coating. 

Dextromethorphan HBr can then be used in the coating 
formula on the various pellet gum formulations. The fol- 
lowing Table 60 shows some sugar and dextrose type 
formulas: 

TABLE 60 

(DRY WEIGHT PERCENT) 



10 





EX. 421 


EX. 422 


EX. 423 


EX. 424 


EX. 425 


EX. 426 


15 


SUGAR 


97.3 


94.4 


91.1 


96.9 


94.1 


90.6 




GUM ARABIC 


2.0 


3.0 


4.0 


2.0 


3.0 


4,0 




TITANIUM 


0.5 


1.0 


1.0 










DIOXIDE 














20 


CAICIUM 








0.5 


1.0 


2.0 


CARBONATE 
















FiAVOR 


0.3 


0.5 


0.8 


OS 


0.8 


03 




WAX 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 




DEXTRO- 




1.0 


3.0" 




1.0 


3.0* 




METHOR- 
















PHAN 














25 


HBr 


















EX. 427 EX. 428 EX. 429 EX. 430 








DEXTROSE 


97.6 


94.4 


96.2 


93 5 








MONO- 














30 


HYDRATE 














GUM ARABIC 


1.5 


3.0 


1.5 


3.0 








TITANIUM 


0.5 


1.0 













DIOXIDE 
CALCIUM 
CARBONATE 
FUVVOR 
WAX 
DEXTRO- 
METHOR- 
PHAN 
HBr 



— — 1.0 



0.3 
0.1 



0.5 
0.1 
3.0 



0.2 
0.3 
1.0 



2.0 

0.4 
0.3 
3.0' 



'All of the active agent us m the coaling which comprises 33% of the 
product 

The above formulations are made by making a syrup by 
dissolving the sugar and gum arabic in solution at about 75% 
solids at boiling, and suspending titanium dioxide or cal- 
cium carbonate in this syrup. Dextromethorphan HBr may 
be dissolved in water, not mixed with hot syrup, but applied 
between coatings, or it may be added to the hoi syrup and 
used in the early stages of coating or used throughout the 
coating process. Flavor is not mixed with the not syrup, but 
added at low levels with one or more coats. Dextrometho- 



rphan HBr may also be premixed with the flavor. After the 
final coats are applied and dried, wax is applied to give a 
smooth polish. 

The above process gives a bard shell coating. Often a dry 
charge of powdered sugar or dextrose monohydrate may be 
used. This gives a somewhat softer coating. A dry charge 
may be used to build up a coating, but then finished with a 
straight syrup to obtain a hard shell. Dextromethorphan HBr 
may also be added to the dry charge material. Table 61 gives 
these types of formulas. 

TABLE 61 

fDRY WEIGHT PERCENT) 
EX. 433 EX. 432 EX. 433 EX. 434 EX. 435 EX. 436 



SUGAR 


76.5 


78.4 






86.5 




DEXTROSE 






76.5 


83.3 




84.3 


MONO- 












HYDRATE 














POWDER 


20.0 


35.0 










SUGAR- 














POWDER 






20.0 


30.0 






DEXTROSE* 














GUM ARABIC 


2.0 


3.0 


2.0 


3.0 


8.0 


8.0 


POWDER 












GUM ARABIC 










4.0 


4.0 


SOLUTION 












FLAVOR 


0.4 


0.5 


0.4 


0.6 


0.4 


0.8 


WAX 


0.3 


0.1 


0.3 


0.1 


0.1 


0.1 


DEXTRO- 


1.0 


3.0' 


3.0 


3.0 1 


3.0 


3.0- 


METHOR- 














PHAN 














HBr 
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'Powder and/or crystalline sugar may be used. 
'All of the active agent is in the coating, which comprises 33% of the 
35 product. 



In Examples 431-434 gum arabic is blended in the sugar 
syrup. In Examples 435 and 436, gum arabic powder is dry 
charged after a gum arabic solution is applied in the first 
stages of coating, then this is followed by a hard shell 
coating of sugar solution or dextrose solution. 

Dextromethorphan HBr may also be used in coating of 
sugarless gum centers. Like sugar gum centers, the base 
formulation can be increased in proportion to the amount of 
coating applied to the center. Formulations with and without 
Dextromethorphan HBr similar to those found in previous 
tables for low and high moisture gum can be used to make 
gum centers. Generally, the base level may be increased to 
30-46% with the other ingredients proportionally reduced. 
Some typical gum center formulas are in Table 62. 



45 



50 



TABLE 62 



fWEIOHT PERCENT) 
EX. 437 EX. 438 EX. 439 EX. 440 EX. 443 EX. 442 EX. 443 



GUM BASE 


35.0 


35.0 


30.0 


30.0 


30.0 


40.0 


50.0 


CALCIUM 






5.0 


30.0 


35.0 






CARBONATE 
















SORBITOL 


43.3 


443 


43.3 


40.3 


43.8 


38.7 


24.5 


MANNITOL 


30.0 


30.0 


5.0 


30.0 




8.0 


30.0 


GLYCERIN 




8.0 


2.0 




8.0 


2.0 


2.0 


SORBITOL 


30.0 




30.0 


8.0 




6.0*> 


10.0 a) 


LIQUID 














FLAVOR 


3.5 


3.5 


3.5 


3i 


2.0 


2.0 


3.3 
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TABLE 62-oontimied 





WEIGHT PERCENT) 
EX. 437 EX. 438 EX. 439 EX. 440 EX. 443 


EX. 442 


EX. 443 


HIGH 


0.2 0.2 0.2 0.2 0.2 


0.3 


02 


INTENSITY 




SWEETENER 








DEXTRO 


— c) 3.0 3.0 — e > 3.0 


3.0 




METHOR- 




PHAN HBr*> 









"fycasin brand hydrogenated starch hydrolyzale used instead of sorbitol liquid 
b >Dextromethorphaa HBr may be dissolved in water, glycerin, sorbitol liquid, HSH, or flavor 
C) AJJ of the active agent is in the coating, which comprises 33% of the product 
"^s example requires 50% of the produci to be a coating with no active agem in the 
coating, to give a gum product with 3% active agent. 



Id the above center formula lions, the high intensity sweet- 
ener used is aspartame. However other high intensity such as 
alilame, acesulfame K, salts of acesulfame, cyclamate and 
its salts, saccharin and its salts, neotame, sucralose, 
thaumatin, monellin, dihydrocbalcone, stevioside, glycyr- 
rhizin and combinations thereof may be used in any of the 
examples with the level adjusted for sweetness. 

Lycasin and other polyols such as mallitol, xylilol, 
erythrilol, lactitol and hydrogenated isomaltulose may also 
be used in the gum center formulations at various levels. The 
texture may be adjusted by varying glycerin or sorbitol 
liquid. Sweetness of the center formulation can also be 
adjusted by varying the level of high intensity sweetener. 

Dextromethorphan may be used in sugarless coatings with 
xylilol, sorbitol, maltitol, lactitol, hydrogenated isomaltu- 
lose and erythritol. The following table gives formulas for a 
xylitol coating: 

TABLE 63 

fDRY WEIGHT PERCENT! 
EX. 444 EX. 445 EX. 446 EX. 447 EX. 448 EX. 449 



20 



25 



proper technique a good smooth hard shell can be made. 
However, it may be preferable to add a dry charge to quicken 
the drying process before the pellets get too sticky. The 
active may be premixed with the dry charge material. The 
following formulations may be used. 

TABLE 64 

fDRY WEIGHT PFRrFNT} 
EX. 450 EX. 453 EX. 452 EX. 453 EX. 454 EX. 455 



35 



MAUTTOL 


96.8 


93.9 


89.3 


93.8 


85.3 


76.5 


MAUTTOL 








5.0 


30.0 


J 5.0 


POWDER 












GUM ARABIC 


2.0 


4.0 


6.0 


2.0 


3.0 


4.0 


FLAVOR 


05 


' 0.4 


0.7 


05 


03 


0.7 


TITANIUM 


0.5 


05 


3.0 


05 


0.4 


0.6 


DIOXIDE 












TALC 


0.1 


0.3 


0.1 


0.3 


0.3 


0.3 


WAX 


0.3 


0.3 


0.1 


0.3 


0.3 


0.3 


DEXTRO- 




3.0 


3.0» 




3.0 


3.0» 


METHOR- 












PHAN 














HBr 















XYLITOL 
GUM ARABIC 
F1AVOR 
TITANIUM 
DIOXIDE 
TALC 
WAX 
COLOR* 
DEXTRO- 
METHOR- 
PHAN 
HBr 



94.8 
4.0 
0.5 
05 

0.3 
0.3 



93,4 


87.7 


90.3 


88.9 


85.8 


6.0 


7.0 


8.5 


8.5 


30.0 


05 


0.7 


0.7 


0.9 


0.5 


0.9 




0.5 


0.5" 


0.5 


0.3 


0.3 


0.1 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 




• 3.4 








3.0 


3.0 1 




1.0 


3.0» 



• 4Q 'All of the active agent is in the coating, which comprise* 33% of the 
product. 

Mallitol powder is used to dry charge in the early stages 
of coating. Mallitol, gum arabic, and whitener is blended 
into a syrup and applied to pellets. After all coating is 
45 applied and dried, talc and wax are added to give a polish. 
Dextomethorphan may be applied in a similar manner as the 
previous xylitol examples, or added with the dry charge 
material. 

In a similar manner, coatings with sorbitol, lactitol, and 
50 hydrogenated isomaltulose may be made in the coaling 
formulas in Table 64 by replacing maltitol with any one of 
the other polyols and maltitol powder with the polyol 
powder. Like maltitol, the other polyols may become sticky 
during the coating and drying process, so the dry powder 
The above formulas are used to coat pellets by applying 55 cbargc mav ncedwJ to g ive proper drying. In the later 
* - 6 stages of the coating process, less gum arabic could be used 

and a more pure polyol syrup could be used to give a smooth 
surface. Also, the dry charge would only be used in the early 
stages of the coating process. 

In addition to dry charging with the specific polyol, other 
ingredients may be added to the dry charge to help absorb 
moisture. These materials could be inert such as talc, cal- 
cium carbonate, magnesium carbonate, starches, gums like 
arabinogalactan, gum lalha, gum arabic or other moisture 
absorbing materials. Also, powdered sweeteners or flavors 
could be added with the dry charge. 

Some polyols such as sorbitol, mallitol, erythritol, lactitol, 
or hydrogenated isomaltulose are not sufficiently sweet 



'Lake color dispersed in xylilol solution 
' "Calcium carbonate used in place of titanium dioxide 
"All of the active agent is in the coaling, which comprises 33% of the 
product 



a xylitol/gum arabic solution in multiple coats and air 
drying. Color or whitener is also mixed in the solution. After 
pellets have been coated and dried, talc and wax are added 
to give a polish. Dextromethorphan HBr may be dissolved 
in water or flavor and added between coating applications, 
or mixed with not syrup and used in the early stages of 
coating or used throughout the coaling process. 

For coating formulas based on sorbitol, maltitol, lactitol, 
erythritol, and hydrogenated isomaltulose, gum arabic can 
be used as a binder and film former, and a crystallization 
modifier to help facilitate coating. Generally these polyols 
are more difficult to coat using only a straight syrup, but with 
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compared lo sugar or xylitol, so high intensity sweeteners 
may be added lo the coating, such as aspartame, acesulfame 
K, salts of acesulfame, cyclamate and its salts, saccharin and 
its salts, alilame, sucralose, thaumatin, monellin, 
dihydrochalconc, glycyrrhizin, neotame, and combinations 
thereof. If a hot syrup is applied, heat may degrade the 
sweetener so only stable sweeteners should be used. Gen- 
erally high intensity sweeteners are added with the polyol/ 
gum arabic solution to obtain an even distribution in the 
coatings. 

As noted earner, the gum formulas can be prepared as 
stick or tab products in the sugar or sugarless type formu- 
lations. These formulas can also be made in a pellet or pillow 
shape pellet or a round ball or any other shape of product for 
coating/panning. However, gum formulas are generally 
adjusted to a higher level of gum base to give a more 
consumer acceptable size of gum bolus. 

As a result, gum centers are usually formulated with about 
25% to about 40% gum base with a corresponding decrease 
in the other ingredients except flavor. Generally flavors 
increase with the level of gum base as the base lends to bind 
flavors into the gum and more flavor is needed to give a good 
flavorful product. However flavors can also be added to the 
coating to give increased flavor impact and more flavor 
perception. 

Some typical sugar type gum center formulations are 
shown in Table 65 that can be used as centers that are coaled 
with calcium carbonate to give an effective antacid. 

TABLE 65 
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TABLE 66-continued 



(DRY WEIGHT PERCENT) 



5 


FLAVOR 


0J 


0.5 


0.8 


0.5 


0.8 


0.3 




WAX 


0.1 


0.3 


0.3 


0.3 


0.3 


0.3 






EX. 468 EX. 469 EX. 470 EX. 47] 








DEXTROSE 


72.6 


55.4 


73.2 


56.5 






10 


MONO- 
















HYDRATE 
















GUM ARABIC 


1.5 


3.0 


3.5 


3.0 








TITANIUM 


0.5 


3.0 












DIOXIDE 
















CALCIUM 


25.0 


40.0 


25.0 


40.0 






15 


CARBONATE 














FLAVOR 


0.3 


0.5 


0.2 


0.4 








WAX 


0.1 


0.1 


0.3 


0.3 







The above formulations are made by making a syrup by 
20 dissolving the sugar and gum arabic in solution at about 15% 
solids at boiling, and suspending titanium dioxide and/or 
calcium carbonate in this syrup. Flavor is not mixed with the 
hot syrup, but added at low levels with one or more coats. 
After the final coats are applied and dried, wax is applied to 
25 give a smooth polish. 

The above process gives a hard shell coating. Often a dry 
charge of powdered sugar or dextrose monohydrate may be 
used. This gives a somewhat softer coating. A dry charge 
may be used to build up a coating, but then finished with a 
30 straight syrup lo obtain a hard shell. Table 67 gives these 
types of formulas. 



rWEIGHT PERCENT) 
EX. 456 EX.457 EX. 458 EX. 459 EX. 460 EX. 461 



TABLE 67 



SUGAR 


48.0 


48.0 


46.0 


40.0 


39.0 


36.0 


GUM BASE 


30.0 


35.0 


40.0 


30.0 


35.0 


40.0 


CORN SYRUP 


20.0 


35.0 


32.0 


38.0 


14,0 


32.0 


GLYCERIN 


3.0 


J.0 


3.0 


3.0 


3.0 


3.0 


PEPPERMINT 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


FLAVOR 














DEXTROSE 








30.0 


30.0 


30.0 


MONO- 














HYDRATE 















35 



40 



(DRY WEIGHT PERCENT) 
EX. 472 EX. 473 EX. 474 EX. 475 EX. 476 EX. 477 



Formulations can also be made similar to those found in 
previous tables for low, medium, and high moisture formu- 
las. Higher levels of base may be used with a corresponding 
decrease in other ingredients. Also, other sugars may be used 
in the gum center as found in previous tables. 

Calcium carbonate can then be used in the coating for- 
mula on the various pellet gum formulations. The following 
Table 66 shows some sugar and dextrose type formulas: 
Using a 1 gram center, the levels of calcium carbonate in the 
following tables will give 250-800 mg per 2 pieces in 
1.5-3.0 gum pieces with 33 to 50% coating. 



SUGAR 


62.5 


53.4 






515 




DEXTROSE 






615 


53.3 




413 


MONO- 














HYDRATE 














POWDER 


30.0 


5.0 










SUGAR* 














POWDER 






30.0 


5.0 


30.0 


5.0 


DEXTROSE* 














GUM ARABIC 


2.0 


3.0 


2.0 


3.0 


8.0 


8.0 


POWDER* 












GUM ARABIC 










4.0 


4.0 


SOLUTION 














FLAVOR 


0.4 


0.5 


0.4 


0.6 


0.4 


0.8 


WAX 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


CALCIUM 


25.0 


40.0 


25.0 


40.0 


25.0 


40.0 


CARBONATE 













'Powder and/or crystalline sugar along with gum arabic may be blended 
with calcium carbonate, or calcium carbonate may be suspended in the 
sugar or dextrose syrup. 
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TABLE 66 



(DRY WEIGHT PERCENT) 



EX. 462 EX. 463 EX. 464 EX. 465 EX. 466 EX. 467 



60 



SUGAR 

GUM ARABIC 

TITANIUM 

DIOXIDE 

CALCIUM 

CARBONATE 



72.3 
2.0 
0.5 



65.4 
3.0 
3.0 



25.0 30.0 



54.3 
4.0 
3.0 

40,0 



72.4 
2.0 



25.0 



66.3 

3.0 



30.0 



55.6 
4.0 



40.0 



In Examples 472-475, gum arabic is blended in the sugar 
syrup; In Examples 476 and 477, gum arabic powder is dry 
charged after a gum arabic solution is applied in the first 
stages of coating, then this is followed by a bard shell 
coating of sugar solution or dextrose solution. 

Gum arabic may also be used in coating of sugarless gum 
centers. Like sugar gum centers, the base formulation can be 
increased in proportion to the amount of coating applied lo 
the center. Formulations similar to those found in previous 
tables for low and high moisture gum can be used to make 
65 gum centers. Generally, the base level may be increased to 
30-46% with the other ingredients proportionally reduced. 
Some typical gum formulas are in Table 68. 
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TABLE 68 



(WEIGHT PERCEhm 

EX. 478 EX. 479 EX. 480 EX. 481 EX. 482 EX.483 EX.484 

GUM BASE ' — -— 
CALCIUM 
CARBONATE** 
SORBITOL 
MANNITOL 
GLYCERIN . 
SORBITOL 
UQUID 
FLAVOR 
HIGH 

INTENSITY 
SWEETENER 

'>Lycasin brand hydrogenated starch hydrolyiate used instead of sorbitol liquid 
b> Tnis material is base filler and may not release to give an antacid effect 



35.0 


35.0 


30.0 


30.0 


30.0 


40.0 


30.0 






5.0 


30.0 


10.0 






43.3 


45J 


46.3 


40.3 


49.8 


41.7 


46.5 


10.0 


10.0 


5.0 
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0.2 


0.2 
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0.2 



In the above center formulations, tbe high intensity sweet- 
ener used is aspartame. However other high intensity sweet- 
ener such as alitame, acesulfame K, salts of acesulfame, 
cyclamate and its salts, saccharin and its salts, neolame, 
sucralose, thaumatin, monellin, dihydrocbalcone, stevioside, 
glycyrrhiziD and combinations thereof may be used in any of 
the examples wilb the level adjusted for sweetness. 

Lycasin and other polyols such as maltitol, xylitol, 
erylhritol, lactitol and hydrogenated isomaltulose may also 
be used in the gum center formulations at various levels 
similar to those shown previously. The texture may be 
adjusted by varying gjyecrin or sorbitol liquid. Sweetness of 
the center formulation can also be adjusted by varying the 
level of high intensity sweetener. 

Calcium carbonate can be used in sugarless coatings with 
xylitol, sorbitol, maltitol, lactitol, hydrogenated isomaltu- 
lose and erythritol. Gum arabic acts as a binder, film former, 
hardener of the coated pellet. The following table gives 
formulas for a xylitol coating: 



20 

Like xylitol, erythritol coating also requires a binder, film 
former, and hardener in the coating to make an acceptable 
product. The following formulations can be made: 

25 TABLE 70 

( EX. 491 EX. 492 EX. 493 EX. 494 EX. 495 EX. 496 

ERYTHRITOL 
30 GUM ARABIC 
FLAVOR 
TITANIUM 
DIOXIDE 
TALC 
WAX 
35 COLOR- 
CALCIUM 
CARBONATE 

"Lake color dispersed in erythritol solution 
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12.0 
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0.7 
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0.9 
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0.5 


0.5 


0.1 


0.1 


0.1 


0.1 


0.3 


0.1 


0.1 


0.3 


0.1 


0.1 


0.3 


0.1 
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25.0 


40.0 


25.0 


40.0 


25.0 


40.0 
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TABLE 69 



mRVWHGrn-PERCT^ 
EX. 485 EX. 486 EX. 487 EX. 488 EX. 489 EX. 490 



XYUTOL 


69.8 


52.4 


65.7 


50.6 


65.4 


49J 


GUM ARABIC 


4.0 


6.0 


7.0 


8.5 


8.5 


10.0 


FLAVOR 


0.5 


0.5 


0.7 


0.7 


0.9 


0.5 


TITANIUM 


0.5 


0.9 










DIOXIDE 














TALC 


0.3 


0.1 


0.3 


0.3 


0.1 


0.1 


WAX 


0.3 


0.3 


0.1 


0.3 


0.1 


0.1 


COLOR* 






1.4 








CALCIUM 


25.0 


40.0 


25.0 


40.0 


25.0 


40.0 


CARBONATE 















The above formulas are used to coat pellets by applying 
a erythritol/gum arabic solution in multiple coats and air 
drying. Color or whitcner is also mixed in the solution. 
Calcium carbonate may be suspended in the hot erythritol 
45 syrup or added as a dry powder between syrup applications. 
After pellets have been coated and dried, talc and wax are 
added to give a polish. 

For coating formulas based on sorbitol, maltitol, lactitol, 
and hydrogenated isomaltulose, gum arabic can be used as 

50 a binder and film former, and a crystallization modifier to 
help facilitate coating. GeneraUy these polyols are more 
difficult to coat using only a straight syrup, but with proper 
technique a good smooth hard shell can be made. However, 
it may be preferable to add a dry charge to quicken the 

55 drying process before the pellets get too sticky. Tbe follow- 
ing formulations may be used. 



"Lake color dispersed in xylitol soluu'on 



TABLE 71 



60 



The above formulas are used to coal pellets by applying 
a xylilol/gum arabic solution in multiple coats and air 
drying. Color or whitener is also mixed in the solution. 
Calcium carbonate may be suspended in the xylitol hot 
syrup or added as a dry powder between syrup applications. 65 
After pellets have been coated and dried, talc and wax are 
added to give a polish. 



fDRY WEIGHT PERCENT) 
EX. 497 EX. 498 EX. 499 EX. 500 EX. 501 EX. 502 



MAITTTOL 


71* 


545 


67.1 


53* 


63.1 


39.5 


MA1TTTOL 








5.0 


10.0 


35.0 


POWDER 












GUM ARABIC 


2.0 


4.0 


60 


2.0 


3.0 


4.0 


FLAVOR 


0.5 


0.4 


0.7 


0.5 


0J 


0.7 
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TABLE 71-continued 
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(DRY WEIGHT PERCENT) 
EX. 497 EX. 498 EX. 499 EX. 500 EX. 501 EX. 502 



TITANIUM 


0.5 


0.5 


1.0 


0.5 


0.4 


0.6 


DIOXIDE 














TALC 


0.] 


0.3 


0.1 


0.1 


0.1 


0.1 


WAX 


0.3 


0.1 


0.1 


0.1 


0.1 


0.1 


CALCIUM 


25.0 


40.0 


25.0 


40.0 


25.0 


40.0 


CARBONATE 















Maltilol powder is used lo dry charge in the early stages 
of coating. Maltitol, gum arabic, and whitener is blended 
into a syrup and applied to pellets. Calcium carbonate may 
be applied with the syrup suspension, preblended with 
powder maltitol or added as a dry charge. After all coating 
is applied and dried, talc and wax are added to give a polish. 

In a similar manner, coatings with sorbitol, lactitol, and 
hydrogenated isomaltulose may be made in the coating 
formulas in Table 71 by replacing maltitol with any one of 
the other polyols and maltitol powder with the polyol 
powder. Like maltitol, the other polyols may become sticky 
during the coaling and drying process, so the dry powder 
charge may be needed to give the proper drying. In the later 
stages of the coating process, less gum arabic could be used 
and a more pure polyol syrup could be used to give a smooth 
surface. Also, the dry charge would only be used in the early 
stages of the coating process. 

In addition lo dry charging with the specific polyol, other 
ingredients may be added to the dry charge to help absorb 
moisture. These materials could be inert such as talc, mag- 
nesium carbonate, starches, gums like arabinogalactan, gum 
talha, gum arabic or other moisture absorbing materials. 
Also, powdered sweeteners or flavors could be added with 
the dry charge. 
Some polyols such as sorbitol, maltitol, lacuiol, or hydro 



What is claimed is: 

1. A method of producing a chewing gum product con- 
taining a physically-modified active agent in order to control 
the release rate of the active agent comprising the steps of: 

a) mixing a quantity of an active agent, which comprises 
one or more materials selected from the group consist- 
ing of benzoin, glucosamine, grapeseed extract, 
guarana, phosphotidylserine, pbytosterols, 
phylocbemicals, isofiavooes, lecithin, lycopene, 
polyphenol, psyllium, chromium picolinate and 
phenylpropanolamine, with a modifying agent and a 
high-potency sweetener selected from the group con- 
sisting of neotame, aspartame, alitame, salts of 
acesulfame, cyclamate and its salts, saccharin and its 
salts, lhaumatin, monellin, dibydrochalcones, sucralose 
and combinations thereof, to form a modified release 
rate active agent and high-potency sweetener combi- 
nation; 

b) adding a quantity of the combination to a chewing gum 
formulation to provide an effective amount of the active 
agent in the chewing gum formulation. 

2. The method of claim 1 wherein said modifying agent is 
an encapsulating agent. 

3. The method of claim 2 wherein the active agent and 
25 encapsulating agent are also mixed with a solvent and the 

resulting mixture is spray dried prior to being added to the 
chewing gum. 

4. The method of claim 3 wherein the encapsulating agent 
is selected from the group consisting of maltodextrin and 

30 gum arabic. 

5. The method of claim 2 wherein the active agent is 
fluid-bed coated with a solution of encapsulating agent and 
solvent in order to increase the rate of release of the active 
agent in the chewing gum. 

6. The method of claim 2 wherein the active agent is 
encapsulated by coacervation in order to decrease the rate of 
release of active agent in chewing gum. 

7. The method of claim 2 wherein the active agent is 
mixed with a molten encapsulating agent and the active 
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35 



20 



35 



genated isomaltulose are not sufficiently sweet compared lo 

sugar or xylitol, so high intensity sweeteners may be added 40 agent is encapsulated by spray chilling In order to decrease 

to the coaling, such as aspartame, acesulfame K, salts of the rate of release of the active agent in the chewing gum. 

acesulfame, cyclamate and its salts, saccharin and its salts, 8. The method of claim 2 wherein the active agent is 

alitame, sucralose, thaumatin, monellin, dihydrochalcone, mixed with a polymer as the encapsulating agent and the 

glycyrrhizin, neotame, and combinations thereof. If a hot resulting mixture is extruded into fibers in such a way as to 

syrup is applied, heat may degrade the sweetener so only 45 encapsulate the active agent in order to decrease the rale of 



stable sweeteners should be used. Generally high intensity 
sweeteners are added with the polyol/gum arabic solution to 
obtain an even distribution in the coatings. 

Liquid flavors generally are not added throughout the 
coating but at specific points throughout the process. When 50 
flavor is added, less air is used for drying until the flavor 
coating is covered by the next coatings and dried. Flavors 
may be various spearmint, peppermint, wintergreen, 
cinnamon, and fruit flavors to yield a wide variety of 
flavored chewing gum products. 

It should be appreciated that the compositions and meth- 
ods of the present invention are capable of being incorpo- 
rated in the form of a variety of embodiments, only a few of 
which have been illustrated and described above. The inven- 



release of the active agent in the chewing gum. 

9. The method of claim 8 wherein tbe polymer is selected 
from the group consisting of PVAC, hydroxypropyl 
cellulose, polyethylene and plastic polymers. 

10. The method of claim 1 wherein the active agent is 
mixed with an absorbent as the modifying agent. 

11. The method of claim 1 wherein another active agent 
is added to the chewing gum formulation. 

12. The method of claim 11 wherein the other active agent 
55 has been treated to modify its release rate from tbe chewing 

gum. 

13. A chewing gum product made according to the method 
of claim 1. 

14. The method of claim 1 wherein the effective amount 



lion may be embodied in other forms without departing from 60 of active agent in the chewing gum formulation is from 



its spirit or essential characteristics. Tbe described embodi- 
ments are to be considered in all respects only as illustrative 
and not restrictive, and the scope of the invention, therefore, 
indicated by the appended claims rather than by tbe fore- 
going description. All changes which come within the mean- 65 
ing and range of equivalency of the claims are lo be 
embraced within their scope. 



about 0.2% to about 5% in the chewing gum product. 

15. A method of producing a chewing gum containing a 
physically-modified active agent in order to control tbe 
release rate of the active agent comprising the steps of: 
a) mixing a quantity of the active agent, which comprises 
one or more materials selected from the group consist- 
ing of benzoin, glucosamine, prapeseed exlract, 
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quarana, phosphotidyJscrinc, phytosterols, 
phytochcmicals, isofiavones, lecithin, lycopene,' 
polyphenol, psyllium, chromium picolinate and 
phenylpropanolamine, with a higb-potency sweetener 
selected from the group consisting of neolame, 
aspartame, alitame, salts of acesulfame, cyclamale and 
its salts, saccharin and its salts, thaumatin, monellin, 
dihydrochalcones, sucralose and combinations thereof 
and an agglomerating agent and solvent to partially 
coat the active agent, agglomerating agent and high- 
potency sweetener; 

b) removing the solvent from the mixture of active agent, 
high-potency sweetener and agglomerating -agent to 
form a dried material; and 

c) adding a quantity of the dried material to a chewing 
gum formulation to provide an effective amount of the 
active agent in the gum. 

16. The method of claim 1 wherein the dried material is 
ground to a powder prior to adding the dried material to the 
chewing gum. 

17. A chewing gum product made according to the method 
of claim 15. 

18. The method of claim 15 wherein the effective amount 
of active agent in the chewing gum formulation is- from 
about 0.2% to about 5% in tbe chewing gum product. 

19. A method of producing a chewing gum product 
containing an active agent, which comprises one or more 
materials selected from the group consisting of benzoin, 
glucosamine, grapeseed extract, guarana,' 
phospbotidylserine, phytosterols, phytochemicals! 
isofiavones, lycopene, polyphenol, psyllium, chromium 
picolinate and phenylpropanolamine, wherein tbe active 
agent is a part of a rolling compound applied on the chewing 
gum product. 

20. A chewing gum product made according to the method 
of claim 19. 

21. A method of producing a chewing gum product 
containing an active agent, which comprises one or more 
materials selected from the group consisting of benzoin, 
glucosamine, grapeseed extract, guarana,' 
phospbotidylserine, phytosterols, phytocbemicals! 
isofiavones, lycopene, polyphenol, psyllium, chromium 
picolinate and phenylpropanolamine, wherein the active 
agent is part of the liquid in a liquid-center chewing gum 
product. 

22. Achcwing gum product made according to the method 
of claim 21. 

23. A method of producing a chewing gum product 
containing an absorption -enhanced active agent in order to 
control the absorption rate of the active agent comprising the 
steps of: 

a) mixing a quantity of the active agent, which comprises 
one or more materials selected from the group consist- 
ing of nutraceuticals and nutritional supplements, with 
an absorption enhancing agent selected from the group 
consisting of etbanol, polytbeylene glycol, 
2-pyrrolidones, myristic acid, p-phenyl phenol,' 
nitrobenzene, stearyl alcohol, cetyl alcohol, croton oil, 
liquid paraffin, dimethyl sulfoxide, non-ionic 
surfactants, liposomes, lecithin fractions, long chain 
amphipathic molecules and mixtures thereof; and 
b) incorporating a quantity of the mixture into a chewing 
gum formulation to provide an active agent level in the 
chewing gum formulation of from about 12 micro- 
grams to about 250 milligrams per gram of chewing 
gum product. 

24. A chewing gum product made according to the method 
of claim 23. 
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25. A coated chewing gum product containing an active 
agent comprising a compound selected from tbe group 
consisting of capsicum, chamomile, cat's claw, echinacea 
garhc, ginger, green lea, golden seal, kava kava, nettle' 
s passion flower, saw palmetto, St. John's wort, valerian' 
benzoin, glucosamine, grapeseed extract, guarana, 
phospbotidylserine, phytosterols, phytochcmicals, 
isofiavones, lycopene, polyphenol, psyllium, chromium 
picolinate, phenylpropanolamine and mixtures thereof 
30 wherein the active agent is a part of a coating on a chewine 
gum pellet. * 
26. A method of producing coated chewing gum products 
containing at least one active agent in the coating, tbe active 
agent comprising a compound selected from tbe group 
35 consisting of capsicum, chamomile, cat's claw, echinacea 
garhc, ginger, green tea, golden seal, kava kava, nettle, 
passion flower, saw palmetto, St. John's wort, valerian 
benzoin, glucosamine, grapeseed extract, guarana' 
phospbotidylserine, phytosterols, pbytochemicals' 
isoflavoncs, lycopene, polyphenol, psyllium, chromium 
picolinate, phenylpropanolamine and mixtures thereof, com- 
prising the steps of: 

a) providing chewing gum product cores: 

b) providing a coating solution; 

c) coaling the chewing gum product cores with the 
coating solution to provide coated chewing gum 
products, the coaling including the active agent at a 
level of from about 12 micrograms to about 250 
miltigrams per gram of coated chewing gum product. 

27. The method of claim 26 wherein the active agent is 
mixed in the coating solution prior to coating the cores. 

28. The method of claim 27 wherein the active agent is 
also mixed with a solvent before adding to tbe coating 
solution and the resulting mixture is added to the chewine 
gum coating. 

29. The method of claim 28 wherein the solvent is water 
alcohol or flavor. 

30. The method in claim 26 wherein a high-potency 
sweetener selected from the group consisting of aspartame 
alitame, salts of acesulfame, cyclamale and its salts, saccha- 
rine and its sails, neolame, thaumatin, monellin, 
dihydrochalcones, sucralose and combinations thereof is 
mixed in the coating solution. 

31. Tbe method of claim 26 wherein the coating operation 
includes the application of multiple coats of coating solution 
and application of powder material between coats of coatine 
solution. 

32. The method of claim 31 wherein the active agent is 
included in the powder material. 

33. The method of claim 31 wherein an active agent is 
included in both the coating solution and the powder mate- 
rial. 

34. The method of claim 26 wherein an active agent is 
also included in tbe chewing gum cores. 

35. Tbe method of claim 34 wherein the active agents in 
the gum cores and coating are tbe same. 

36. The method of claim 34 wherein the active agent in 
ihe cores is different than the active agent in the coating. 

37. Tbe method of claim 34 wherein at least one of the 
active agents in the coating and in the cores is treated with 
a modifying agent to control the release of the active agent 
prior to being incorporated into tbe coau'ng or into the cores. 

38. The method of claim 26 wherein at least two different 
coating solutions are used to make the coating. 

39. The method of claim 38 wherein the active agent is 
mixed with the first of the at least two different coating 
solutions and applied to the cores with the first coating 
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solution to form a film, and a second coating solution 
without an active agent is applied over the film coated cores. 

40. The method of claim 26 wherein the active agent in 
the coating has been treated with a modifying agent to 
control its release prior to being used in the coating. 

41. A method of producing coated chewing gum products 
containing at least one active agent in the coating the active 
agent comprising a compound selected from the group 
consisting of capsicum, chamomile, cat's claw, echinacea, 
garlic, ginger, green tea, golden seal, kava kava, nettle, 
passion flower, saw palmetto, St. John's wort, valerian, 
benzoin, glucosamine, grapeseed extract, guarana, 
phosphotidylserine, phytosterols, phytochemicals, 
isoflavones, lycopene, polyphenol, psyllium, chromium 
picolinate, phenylpropanolamine and mixtures thereof, com- 
prising the steps of: 

a) providing chewing gum product cores: 

b) providing a coating solution; 

c) coating the chewing gum product cores with the 
coating solution to provide coated chewing gum 
products, the coating including the active agent at a 
level of from about 0.2% to about 5% in the gum 
products. 

42. A method of producing coaled chewing gum products 
containing at least one active agent in the coating treated so 
as to modify the absorption of the active agent in the mouth, 
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the active agent comprising a compound selected from the 
group consisting of capsicum, chamomile, cat's claw, 
echinacea, garlic, ginger, ginko, ginseng, green tea, golden 
seal, kava kava, nettle, passion flower, saw palmetto, St. 
John's wort, valerian, benzoin, glucosamine, grapeseed 
extract, guarana, phosphotidylserine, phytosterols, 
phytochemicals, isoflavones, lecithin, lycopene, polyphenol, 
psyllium, chromium picolinate, phenylpropanolamine and 
mixtures thereof, comprising the steps of: 

a) providing chewing gum product cores: 

b) providing a coating solution; 

c) coating the chewing gum product cores with the 
coating solution to provide coaled chewing gum 
products, the coating including the active agent at a 
level of from about 12 micrograms to about 250 
milligrams per gram of coated chewing gum product 
and an absorption enhancing agent selected from the 
group consisting of ethanol, polytheylene glycol, 
2-pyrrolidones, myristic acid, p-phenyl phenol, 
nitrobenzene, stearyl alcohol, cetyl alcohol, croton oil, 
liquid paraffin, dimethyl sulfoxide, non-ionic 
surfactants, liposomes, lecithin fractions, and long 
chain amphipalhic molecules and mixtures thereof. 
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ABSTRACT 



The present invention relates to bismuth salts of antibiotics 
of the moenomycin group, processes for their preparation, 
their use and pharmaceuticals comprising such salts. The 
salts according to the invention contain antibiotics of the 
moenomycin group which are so<alled phosphoglycolipid 
antibiotics and which are present individually or as a 
mixture, or derivatives thereof, and bismuth in defined 
stoichiometric ratios. They are outstandingly suitable, in 
particular, for controlling Helicobacter pylori and, thus, for 
example, for the therapy and prophylaxis of gastric disor- 
ders. 

18 Claims, No Drawings 
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1 2 

WSWOTH SAm OF ANTIBIOTICS OF THE with bismuth salts, such as, for example, bismuth nitrate, 

MONOMYCIN GROUP, PROCESSES FOR bismuth carbonate, bismuth salicylate or bismuth citrate 

THEIR PREPARATION, THEIR USE AND The use of bismuth salts for the treatment of castric 

PHARMACEUTICALS COMPRISING SUCH ulcers has already been widefy J KLSJC 

SALre s for example, J. H. Walsh and W. L. Peterson, New Eng. J. 

The preseDt invention relates to bismuth salts of antibi- Med 333 (No ' 984-991 » 1995 )< Bismuth compounds 

otics of the moenomycin group, processes for their c °>Ployed for this purpose are, in particular, basic bismuth 

preparation, their use and pharmaceuticals comprising such compounds, inter alia, for example, bismuth subsalicylate, 

salts. The salts according to the invention contain antibiotics )0 °l ako l ^P° Ussium dicilralobismulhate. Tbe efficacy of the 

of the rooenomycin group which are so-called phosphogly- bismuth is, on the one hand, attributed to its astringent 

colipid antibiotics and which are present individually or as characteristics, on the other hand, however, direct effects of 

a mixture, or derivatives thereof, and bismuth in defined bismuth on Helicobacter pylori have also been described, 

stoichiometric ratios. They are outstandingly suitable, in suc ° f or example, tbe inhibition of the Fl-ATPase from 

particular, for controlling Helicobacter pylori and, thus, for is H- pylori (W. Beil and C. Birkbolz, Arch. Pharmacol. 350, 

example, for the therapy and prophylaxis of gastric disor- Suppl. R 1, 1994). The use of bismuth salts, in particular in 

ders. the treatment of Helicobacter /?y/ori-induced gastric ulcers, 

For the treatment and prevention of gastric ulcers or ts therefore desirable, 

gastritis and also for the prophylaxis of stomach cancer, Unfortunately, some disadvantages which are based on 

hitherto especially so-called antacids and, with particular 20 the chemical behavior of the bismuth salts stand in the way 

success, H 2 receptor blockers have been used. Meanwhile, it of the use of bismuth in the present form. Bismuth salts are 

has been recognized that infections with the microorganism v ^ry often poorly soluble in aqueous medium. So-called 

Helicobacter pylori are frequently responsible for gastric basic salts which contain tbe BiO J * ion and which are also 

disorders such as, for example, gastric ulcers (see, for designated as bismuth subsalts are formed in aqueous 
example, A. T. R. Axon, "Helicobacter pylori Infection", J. 25 medium from the Bi 3 * ion. Basic bismuth salts of this type 

Antimicrob. Chemother. 32, Suppl. A, 61, 1993). The infec- are deposited from aqueous solution, i.e. they form poorly 

tion of the human stomach with tbe pathogenic gram- soluble precipitates, and are thus not available or only 

negative bacterium Helicobacter pylori causes temporary limitedly available for biological action. Tbe dissolved por- 

dyspeptic symptoms, but the microorganism has a high lions form colloids. As a result of these physico-chemical 
persistence. H. pylori is moreover the underlying pathogen 30 properties, bismuth salts often have compositions which can 

in the chronically active type b gastritis and a significant risk only be stated approximately (see Rompps Chemie Lexikon 

factor for the occurrence of stomach cancer. The pathophysi- (Rompp's Chemical Encyclopedia), 9lh Edition, Georg Thi- 

ological mechanisms by which H. pylori causes diseases of eme Verlag, Stuttgart, N.Y, 1989, p. 439; DAB (Deutsches 

the stomach are still relatively unclear. It is known that the Arzneibuch (German Pharmacopeia)) 8, 526-530) and have 

microorganism produces a number of potentially toxic a poor dosability, which makes the estimation of their effect 

enzymes and chemicals (urease, ammonia, vacuolizing additionally difficult. 

cytotoxin). The persistence of the harmful bacterium and the The desired administration of bismuth salts in combina- 

lasting antigenic stimulus are probably causal for the tion with, for example, add inhibitors and antibiotics for the 
destruction^ of the gastnc mucous membrane which takes ^ treatment of gastric disorders, such as ulcers and H pylori 

Pa ^e7erl^utic aim is the complete eradication of H ^ ^JP"**™ 1 ^ be— offifco 

pylon in the stomach. The therapy of choice is at present a ^* an f d P h ™*^» of tbe bismuth salts, 

triple combination which consists of a so-called acid J*"? ** ' *™ lhC ^ * nd «*ioli«. There 

mhibitor, for example a proton pump inhibitor such as 45 ^ D ° ! f 10 corre- 

omeprazole, and two antmiotics, such as, for example, IT 8 tnple therapy to dual therapies or monotherapies, 

clarithromycin and amoxicillin. This triple therapy A ^ k ° f of !**>«. pump inhibitors, 

however, is associated with disadvantages. As a result of a ^ muth saJ * h > v * b «° investigated without 

differing diffusion properties, the three different substances, J " " *"« ^ Ver i ! ° exct1 mc tri P Ic 

which should act together, do not uniformly reach the 50 uberapy. There is thus still a need for efficacious, simple-to- 

inflammatory foci caused by H pylori. TT>us, in order to ~ ^*S* { ™ imtUl ° f 

achieve good healing results, very high doses, which are SUCh 45 g * UlC UlccfS or for lhc WW™ 

... . , _ . . oi stomach cancer, 

accompanied by serious side effects, are necessary. It is 0 . . . . . 

obvious that , triple therapy in other ways also generally has « ^^'1^11° ' be ^ 

... r VJ * 6 i.u;u« S5 oiotics of the moenomycin group and their derivatives 

great disadvantages in comparison to the administration of which are ^pMt of salt formation at their acidic groups 

two medicaments or even of only one medicament. such as the phosphoric acid groups (or phosphoric ester 

In EP-A-655 249, it has already been described that groups) and/or the carboxylic acid groups, stable well- 

mocnomycin antibiotics are also suitable as efficacious defined bismuth salts arc obtainable which contain the 

antibiotics for the control ofH pylori infections and thus for 60 antibiotic component present in the form of individual 

the treatment of gastric disorders such as, for example, compounds or of mixtures and the bismuth in stoichiometric 

gastric ulcers. The moenomycin antibiotics also display their ratios. The action of these salts is clearly superior to the 

action against H. pylori particularly advantageously on action of me pure antibiotics from the moenomycin group in 

administration in combination with other antibiotics or other the control of Helicobacter pylori or in the treatment and 

customary ulcer therapeutics or gastritis therapeutics, for 65 prophylaxis of gastric disorders, and they can be employed 

example with antacids, H 2 receptor blockers, proton pump in the form of a dual therapy or even of a monotherapy The 

inhibitors, muscarinic receptor blockers or, for example, also discovery of well-defined bismuth salts of the antibiotics of 
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the moenomycin group of this type is aUihe more surprising bonds with the hkmmh Th. ,u- j . 
as the conventional processes for obuining such salTsuch h^.r,?,^ i!T . , ^ d V4lency of lhe ,nvalem 
as precipitation from aqueous solution, 8 dhlyses or' Ton m TddL". ? ' fcr Mamp,e ' by a bond 
exchanger applications, fail because of the XadJ- J? . ( T e " uiva,en,5 > > 

discussed low solubility of the starling bismuth salts Tpey s ? . u- , \ C ° 0rd,ng 10 ,be mventioD " Edition 

also fail because of the neutralization of the free acids of the f »«ub>oacs and the bismuth and which can originate, 
antibiotics of the moenoroycin group by basic bismuth for example, from the starting bismuth salt used in the 

example bismuth hydroxide. ' preparation of the salts according to the invention. The third 

The present invention thus relates to bismuth salts of valenc y of the bismuth, however, can also be saturated by a 
antibiotics of the moenomycin group which antibiotics are io (sa!l) ^ ond 10 a P bos P h °ric »cid group or carboxylic acid 
present individually or as a mixture, and of their derivatives P ° U , P * SeCOnd molecule of ,be antibiotic whereby finally 
and physiologically tolerable salts thereof. The bismuth salts' I- a f ordu5 8 <o «be invention results which contains two 
according to the invention are stoichiometric compounds v ? atoms P* r tbree molecules of the designated anti- 
i.e. defined chemical compounds of salt-like character which • p ^ hom Uo ™- Accordingly, also in 

containtbeacidicanuoioti^orderivahvesthereofp^o, 15 T^^T ™ COn, P° Unds 

antibiotic*) and can be adjusted by means of ttepmpar.l 25 Tfe^T '"m, f™ ° f * 
condiUons used, for example, by means of the molar ratio of ,u u ^ blsmuU) 54,15 "wooing to the invention are 
the starting compounds employed in the preparation A * ° " tCCOV ^ ° f lheir *ofchiomeiric ratio bis- 

cbaracteristic structural unit in antibiotics of the moenomv- u,' aD, . ,b, ° Uc ' «° n,ain an actional physiologically tol- 
cin group is the phosphoglyceric acid group or. as a part , amon ,f or ,be neutralization of the bismuth, in par- 

thereof, the doubly esterified phosphoric acid erouo at 30 1 "J* ° f we abovenieB «oned anions. These salts can be 
whose free acid function salt formation can take place and \ COmplcx of lbe bismulb «*> » b e 

which then represents a bismuth binding site. The sloicbio- anllD ' ou o( s >' for wb,cb ^ physiologically tolerable anion 
metric ratio in the salts according to (he invention can be ft™* 0 * counter ion. Bismuth salts according 

indicated, for example, by indicating the number of moles or kJ^^'T?? P. art . ,ailarl y preferred in which the 
numberofatomsofbismutbwhichispresentpermoleofthe 35 ^? , L"! e . an,,blol,c P«sent individually or as a 
antibiotics), or it can also be indicated in a simple manner "TTi"^ J*™* ^ "* P bos P D orus « U» partially 
for example, by indicating the phospbonis/bismulb molar "Z7 , lad gmops) are present in a molar 

ratio or atomic ratio, which is easy to determine This ratio r4U o or4tom >c ratio of 1:1 ( or approximately 1:1) and which 
can be. for example. 1 :1 or 1:2 (in the latter case this means Slll, 1 ? 11 ^ Physiologically tolerable anion, it 
that one bismuth atom is present per two phosphorus atoms <o m , . . a ° ,0D 10 06 a ^ o^rged amon or 

or phosphoric acid groups in a salt accordion to the an equivalent of a multiply chatged anion. These particularly 
invention). The ratio, however, can also assume other ffjwt a* be ^ prese 'l ted * ** formula (A BOTC", 
values, also nonintegral values, for example if the salt !? . J an antibiotic of the moenomycin group or a 
according to the iovention is derived from a mixture of two tZT™ pTt ^ Dt iDdividuall y or as a mixture, 

or more different antibiotics. If such a ratio, for example the « Tv- 1° mams ! wo ac,dic 6«>ups present in anionic form, 
ratio 1:1, is specified for the characterization of a salt . «s a phyaologicaDy tolerable singly chatged anion or 

according to the invention, then, of course, in macroscopic ane< ' ulV4,em of 8 physiologically tolerable multiply charged 
samples, such as are obtained, for example, in the industrial ""'^L . . -k- . • t ^ 

production of the salts according to the invention the , , a ? , *'° lics of "* moenomycin group are pbospho- 
experimentaUy determined value can vary and differ slightly 50 S'yoobpid antibiotics. Instead of the term antibiotics of the 
from the desired ideal value (for example 1:1), for example monomycin group used here, in some cases the term 
as a result of varying ratios of antibiotics or of Phosphoglycolipid antibiotics is also used for these com- 
by-components contained, and the indication of such a pounds. The present invention includes the bismuth salts of 
stoichiometric ratio for a substance according to the inven- 411 antibiotics of this group. In particular antibiotics of the 
Uon thus also includes, of course, ratios differing insignifi- 55 moenomycin group are to be understood as meaninn the 
cantiy therefrom actua , moenomycins u , moeBOlnycin itse , f / - 

Numerous antib.otics of me moenomycin group or their example, prasinomycin (obtainable ZTsl^tomljs 
denvanves contain, in addition to the phosphoric acid group prosing), diumycin" (macarbomycin, Zi^TtZs 
mentmned, one or.forex.mple in me c^of the derivatives, umbrinus or S. phaeochromogenes), 11837 iTp (obtainable 
optionally alsc . several carboxytic acid groups, a, which sal, » bomS. viridans), 8036 R.P. (quSmycS obtaSrfrom 
formation w,m me bismuth can likewise take place. If the S. canadensis). 19402 R.P. (oLSl 
antibioucs. for example, contam a total of h,o acid functions ensachomycin (obtainable L S. IZi«S3 
in the molecu e such as. for example, the frequently occur- mycin (obtainable from 5. nn.hoS^Lmvc.p 
nng representatives having an acidic HO group in the u (obtainable from Actinoplanes teichZ^ ) P Zno 
pbospbonc acid un, and bavmg a COOH group, then they mycin (obtainable from i ^Sl S 
can b,nd two equ.valents of bismuth or enter into two (sal,) are all related phosphorus-containing .Sic glySpShl 
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bismuth sails of monomycin itself arc preferred, T*e indi- Q (formula II) (in the formu lae Ac is acetyl) A particularly 

vidual antibiotics of the moenomycin group, again, are often preferred individual component is moenomycin A With 

complexes of several, structurally differing individual com- rcspecl t0 ^ delailsof lhc aDlibiolics of ^ moc 

I^IMWrf.^MiW ciD group aDd cspcdaJly mocnomycin ilsclf and ils J. 

may be mentioned, for example, are the mocnomycins A. 5 , . . . . 

a A R R r r r r > n H ,Mh-~ ,™ v,duaJ components and also other structural formulae, ref- 

A 3j« a j.2» »3> «2» ^-2> ^3. ^4 a "d others, in some cases . ... * 1 

differing notations being common, for example A w These CrcnCC B madc t0 blCratUrc ' for cxam P ,c 10 wc artic,c °y 

individual components arc obtainable from Streptomyces G " Hubcr in "^ ubiotics " F. Hahn, Springer- Vcrlag, 

bambergensis, S. ghanaensis, S. ederensis, S. geysirensis, 5. 10 Bcrlin 1979 ' Vo1 - V » Part P a g« 135-153, or to EP-A-655 

prasinus, or S. lividoclavatus. Preferred individual compo- 249 » which corresponds to U.S. patent application Scr. No, 

ncnts of moenomycin itself with respect to the present 08/345,815, which inasmuch are completely part of the 

invention are moenomycin A (formula I) and moenomycin present disclosure and are incorporated herein by reference. 



Formula I (moenomycin A) 
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Other components of moenomycin itself which form pan 
of the present invention are represented, for example by 
moenomycin C, (M. Hepier-Klintz el ah, Tetrahedron, Vol 
49, No. 35, pp. 7667-7678, 1993, hereby incorporated by 
reference) and moenomycin C A (formula III). 
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or more individual antibiotics or starting mixtures for 
example to obtain a specific profile of action. 

The present invention also relates to the physiologically 
tolerable salts of the bismuth salts of the antibiotics of the 
moenomycin group. As sails there can already be regarded 



PbrtnuJa III (mocDOmycin Q) 




modified Nicies which .re fuit.ble ££ ^»lf foS 30 352 e,c tbtaSLT J* ^ bl ° m "<' 

to be carried out according to the present invention and inuin « L , 4<COldmg 10 lhc ™ tntiot > 

which are obtainable, for example, bJTemi^l KeS ,«d for examnk I^Th' aD ^ ° f ' ^ 

cal or microbial conversion of functional ErouoT for 2i£ ftf^T r . 8C,d Cllnc 8cid ' U b 4bo 

example by hydropses, acylations Z%S£ £| flf I^S^^ SttiSS? 

the moenomycin group are preferred iccZZZS ?n TZ ,^ *°T m preseDl in ,be motecu,e 

which no addition" denv. Jtion E'blen Sel 15.^ by deriv.tiz.uon. 

Tne amniotics of the moenomycin group .od likewise |? r S^2K? ,M,,0 ° biSn,U,h ' 

often obtained as mixtures or as comp exes o rSSSdS ammonlTr^ro Ammo ? ,UD, . Sills «*» be derived from 

components wbicb may have W^5£«|S«1S Sf„ Acid additioD sal,s 

tbeyTre often also used in the foTof^TmKis If ^TtSfTV?" h >? ,ocbJoric ,dd . bydrobro- 

salts according to the invenUon can also be derived from person skiUed in it "an fSK? T 10 he 

mixtures of anubiotics of the moenomycin group or from £^ bvd» ,W^, n „ il M,,S (be * U, ? ) " e lbo 
individual antibiotics or from individual I comments ofSe ss SIS?J SSLS^ T 2* T"! ,nV ? DUon 
complexes. The bismum sa^ofaU individuS^^^^ 

these to belong to dffferen, antibioU^ of £ mo^yS SSi i'STSSfS 22? w ^ ^ ' 

group. Mixtures of annoiotics contained in the salts accord- process also is a 22 «r £ ^ P«P«aUon 

ing to the invention can have the composition in which they « SStaS .Ms c^cusLlClSri 6 

are obtained during their synthesis or purification or thev of alkali m,i»i VhTJr • V * P Y r fom) 

c.n.forex.mp.e.aisobeprepareobyspTdficn^ingo^ Z^£^ZZ^£*^*& 
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are adequately soluble in organic solvents. Solvents used for For the preparation of the compounds accord™ to the 

the reaction are preferably organic solvents, however invention, the antibiotics of the moenomycin group are 
organic ^ solvents containing water can also be used. preferably initially introduced as a solution, for example in 
Preferably, theanubiotics (or their starting sails) and the methanol" having a concentration fro* 2 SarUy T to 
starting bismuth salt are employed in the form of solut ons, 5 irj% b v w C ,*hi nn-frrahiv Z i . ™? L U1 ? 
particularly preferably, especially the starting bismuth salt is !^J« y J^ k^^- r I , by WCIgbt * M 
employed in the form of a solution in an organic solvent. In 2ftf5^^ be employed in the bis- 

the reaction, defined bismuth salts of stoichiometric com- T?. S&h fonna ' ,0 ° m tbc form of mixtures of several 
position of the antibiotics of the moenomycin group are an!lD10llcs or ™ lbc form of complexes of one antibiotic, for 
formed, which are often poorly soluble in organic solvents cxam P lc of moenomycin, or as individual components, for 
and are already deposited from the reaction mixture in 30 cxam P lc M moenomycin A or C3, where, as also already 
largely pure form, and which can be separated off in a simple stalc d» salts such as, for example, the sodium salts or 
manner or which otherwise can be isolated according to ammonium salts are customarily employed. Suitable 
customary methods and, if desired, further purified. bismuih(IJJ) salts are in particular salts of the Bi 3 * ion, 

The composition of the products according to the inven- which dissolve well in organic solvents, such as, for 
lion thus obtainable and the proof that they are not physical 35 example, bismuth chloride (BiCl 3 ), bismuth nitrate (Bi 
mixtures of bismuth compounds with the anubiotics, but (N0 3 ) 3 ), bismuth bromide (BiBr 3 ) and others. The 
homogeneous chemical compounds of stoichiometric com- employed solution of bismulh(III) salt in an organic solvent 
position which contain the bismuth, the antibiotics and customarily has a concentration from 0.01 to 1 mol per liter 
optionally, for example, an additional anion can be deter- preferably from 0.1 to 0.5 mol per liter. The bismuth solution 
mined by the customary analytical processes known to the 20 is preferably metered into the solution of the antibiotic and 
person skilled m the art. The content of bismuth and other while doing this often, but of course depending on the 
elements can be determined in a known manner, for example individual case, the salt according to the invention is alreadv 
by elemental analysis. IHe antibiotic content of a salt dcp0 sited. The molar ratio of the reamnTcaT be 2 
according to the invention can be demonstrated and unihin » mAa* r * n «+ p~f*r«ki • 1 . 
identified? for example, by recording NMR spectra. oc * a T% T % f^™ 51 * ^ m <>iar 'alios are used, 

NMR spectroscopy also allows an unequTvoc conclu- 25 ZtT " * £ * re b * mu * ^ « * be prepared 
sion that defined bismuth salt formation takes phcTon ™T the i aDllb,oUc ( or * e phosphorus) and the 

certain acidic groups of the antibiotic. For example, a K ^ ,D . thc ™ 0, * r L rat, ° or alomic ratio alrMd y 
comparison of the 3 H- and ,3 C-NMR signals of a bismuth S * atCd ' vanous bismuth 84,18 can bc ob « a >ned depending on 
salt according to the invention with that of the corresponding tbc P re P arall0n conditions used. 

sodium salt of the antibiotic used as a starting material for 30 ,n . 8 CDeral > mc reaction of the bismuth salts with the 
its synthesis shows that specific signals are shifted in a antibiotics is carried out in the temperature range from -20° 
characteristic manner, in particular those of atoms which are ^ 10 c » preferably in the range from 10° C. to 30° C. 
adjacent to the acidic centers at which the bismuth salt The reaction is advantageously carried out by slowly meter- 
formation lakes place (cf. NMR data in Example 1). This m g in i° the course of, in general, 20 minutes to 2 hours. In 
proves that the substances according to thc invention are 35 a more rapid procedure, if thc product is deposited, so-called 
novel, well-defined compounds and confirms their structure. inclusions can adversely affect the purity of the product. If 
X-ray spectrometry processes such as X-ray- fiuores- the product is poorly soluble in the solvent employed then 
cence analysis and moreover scanning transmission electron for isolation of the product, the precipitate formed 'in the 
microscopy, which can be coupled with energy-dispersive deposition can be separated off by ccotrifuging or filterine 
X-ray microanalyses, are also highly suitable. Beside the 40 and, if desired, purified, for example by suspending in I 
detection of the elements, for example of the bismuth or of suitable organic solvent and centrifuging or filterine aeain 
the phosphorus, these analytical methods allow the deter- If the product is readily soluble, such that it remains in' 
mination of the ratio of the elements present in different, solution, completely or to a relatively large extent then 
extremely small sample sites, such as, for example, the ratio according to the customary procedures the solvent can 
of bismuth to phosphorus, or, for example, to chlorine, 45 initially be partially or completely removed, for example by 
sodium and other elements. The products according to the vacuum distillation and/or freeze drying, apd/or a solvent 
invention are also homogeneous according to energy- can be added in which the product is poorly soluble and the 
dispersive X-ray microanalysis, the concentration ratio of, product deposited can then bc separated off. For isolation 
for example, bismuth to phosphorus is always constant, a however, chromatographic processes can also bc employed' 
compound of stoichiometric composition is thus present. 50 After drying, the product is obtained as a white or pale 
As already slated, preferred solvents in the preparation of powder, which in general is highly soluble in water and 
the bismuth salts according to the invention are organic soluble in DMSO, but poorly soluble in many other organic 
solvents. However, aqueous-organic solvents can also be solvents. If desired, the product can additionally be purified 
employed in which the water content should be so low that by customary processes, for example by reprccroitalion or 
substantially no hydrolysis of the bismuth salt employed as 55 chromatography. 

a starting material occurs under the reaction conditions. The Furthermore, bismuth salts according to the invention 

permissible water content depends on the individual case. which contain an additional anion can in particular be 
Suitable organic solvents are, for example, lower alcohols, obtained, for example, by ion-exchange processes Tnus, for 
in particular methanol and ethanol, ethylene glycol monom- example, a bismuth salt according to the invention which 
ethyl ether, glycols, such as, for example, ethylene glycol or 60 contains a specific anion can bc converted by anion 
1,2-propylene glycol, dimethyl sulfoxide (DMSO), exchange according to customary procedures, for example 
dimelhylformamide, ethers such as dioxane, by reaction with a salt or an acid in a solvent or by 
tetrahydrofuran, ethylene glycol ethers, and mixtures of chromatography, into another bismuth salt according to the 
these solvents and other solvents. In particular, lower alco- invention which contains another physiologically tolerable 
hols are preferred in which the antibiotics of the moenomy- 65 anion as an additional anion. 

cin group or their salts dissolve well, such as methanol or The biological and therapeutic actions of the antibiotics 
elhanoL of the moenomycin group, in particular of the moenomyrins 
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themselves, and .he advantages of (be use of these antibi- The bismuth salts according to the invention and their 
otics in the therapy and prophylaxis of gastric disorders are physiologically tolerable salts can ,ta,Z !!! ^ I 
described in detail in EP-A-655 249. The bismuth salts ortL ac"S S££ " " 

according to the invention actually even excel the advanta- advantageous therapeutic action in Wticul,, ™ 
geous annb.cterial and heabng-promotiog properties of me 5 more former ph.rm'aStiLTy acuve 0^1^ for the 
monomycin* to a considerable extent. This is seen both in treatment of gLtric disorders or uke* IK iferaneuSc 
in v,.ro experiments and in vivo As detailed further below. and prophylactic uses mentioned, SlV.«Stion.7S 
tbe action of the bismuth sal. of moenomycin A, for compounds derive, for example, fmm the a X m£»o 
example * clearly superior to the action of moenomycin A such as. for example. sodhim bT»rbon«°e hS£ 
(as a sodmm salt) already ,o in vitro experiments. The ,o hydroxide, magnesium hydroxide ZS ScT 
monomycin and me hsmutb act synemistically. In tbe form aluminum magnesium silicate bydraTe ^aSnum sSm' 
of the salts according to the mvenuon. both components can carbonate dibydmxide. magnesium camoS cakium c^ 
reach the mflammaiory focus together by diffusion and bonate or bydmlalcite. Other suiuble aSEl ac^e coT 
d.spl«y bar acuons there, which in the case of the custom- pounds derive from the H, receptor bto«S« 
ary administration of an anubiouc and ofa separate bismuth u for example, famotidine, Uridine roxatMn7a«u te ran' 
salt « no, possible or only possible to a very much smaller itidine or cimetidine. Other suit.We Sonal aXc^m-" 
a ' • . i . . pounds arc muscarinic receptor blockers such as oronanih*.. 

A crucial advantage of the oDmpounds according to the line bromide, pirenzipine. or other »ti ul«7a g enS a 
invention is that, because of the htgber activity of the omeprazole, lansoprazole, pantoprazok 21 o 
compoundsacxormng.otbemvention.sm.Uer dosesoanbe 20 also additional bismuth sal* sue ^ as bLuTn^ «te bis 
admin*.ered in order to achieve the therapeutic aim, for mutb carbonate, bismuth salicylate o, bM cfe£ Ofe 
example tbe eradication of H ' pylori, and that fewer side additional active compounds ZkteZttw^ 
effects are assoc. ed therewith. The wide and high efficacy ing to the invention belong to .be anubiouSSf s„^« 
of me bismuth sate accordmg to the invention allows their for example, tetracydme.me^onidaS a^oSi^ TisTn 
use alone as an antimicrobial agent instead of two antibiotics 25 clarithromycin. intipenem or amikacir . A^3S£3' 
in conven Uooal therapy. Triple therapy can thereby be nation coniains tbe bismuth sal te ac^ig^ Sv^on 
simplified o dual .her.py, in which beside .he bismuth sal. together with a proton pumpinhib.^3« for ex«mp7e 
according to the .nvenuon, for example, only an antacid (for omeprazole, lansoprazole. Uu>prSt Z £rs Tm^ 
example omeprazole, lansoprazole, pantoprazole or others) also be advantageous to combbe L Itml Sc^nn 
is administered. As a result, tbe patient is treated more gently 30 to the invention with several of the abwem^n^ 2d^ 
and costs are lowered. The eradication of //. pylori is even tional active compounds or with mnhe^c^^mpounds 
possible usmg the bismuth salts accordmg to the invention for other indic.Uons. The administration of m^ co^noTnts 
on its own without any additional medication. This mono- of the combinations mentionedean be «r^edouuoS, o 
therapy is far supenor to other ulcer therapies with respect io separate form, and it can be carried ouTin a tnZ 
.0 simplicity, tolerably and cos. effectiveness. 35 administration or alternatively pcrfonn^uentidl * 

The bismuth salte of antibiotics of tbe moenomycin Suitable pharmaceutical XidstraUoHoms for the 

group according to the invention and their physiologically administration of tbe bismuth salts SingTtL £vc£ 
tolerable salts can thus be used ,n animals, preferably in tion are. for example, capsules, for «ampfe hVrd oTsof. 
mammals and ,„ part.cular m man, as pharmaceuticals per capsules, tablets, pastilles, lozenges, roll treataente (it 
se. ,n m.xlures with one another or in the form of pharma- 40 treatments in which the medicine Taken™ dStedln he 
ceuueal preparations. The presen. mvenuon also relates to stomach by tbe patient lying some mtnuret o ,toe bade then 
the bismuth salts according .0 the invention and their some minutes on tbe side, Oren some m^utes on tbffrom 
physiologically tolerable salts for use as pharmaceuticals. .0 etc.). dispersible powders and granules, micXi soro-' 
then- use m .he therapy and prophylaxis of ulcers generally, tions or suspensions, in particular aqucoTSns and 
sucb as for example, duodenal ulcer or peptic ulcer, of «s suspensions, emulsions, syrups and e££, and Li£ 
gastric disorders, m parucuhr gastric ulcers or gastritis, in forms known in the art. Solid ^miniSon fomTwe 
the propbylm; of stomach cancer, and generally in the preferred, in particular those which release tteacri™ print 
control of Helicobacter pylori, and to their use for the ciple in the stomach ^ 
production of medicaments for tbe uses mentioned. Tbe Tbe pharmaceutical preparations can be prepared by tbe 
present mvention furthermore relates ,0 pharmaceutical 50 appropriate methods knowi .in the art for .be paction of 
preparations which, as active consu.uent, conuin an effica- pharmaceutical preparations using pharmaceutical^ 
cous dose of at leas, one bismuth sal. according to the acceptable, nontoxic auxiliaries an exripien.s As 
invention and/or a physiologically tolerable salt thereof in excipients, tablets for oral admiration can conS to 
addition 0 customary, pharmaceutical* innocuous exdpi- example, inert extenders (such as. Z ex"mp?e soditm, 
ents and/or aumbanes , Jht pharmaceutical preparations 55 chloride, lactose, calcium phosphate or sodium phosS 
normallycont.m0^to95percentbyweightofthebismutb granulating agents or disinujants (£1Z£h?m 
sate aocordmg .0 me mvention and/or their physiologically starch, alginic acid), binders (s^ch as. for S sCJ, 
tolerable salts. The pharmaceutical preparations can be gelatin or gum arabic) and lubricants (such as. for example' 
prepared in . manner known per se For this purpose, me magnesium stearate. stearic acidor talc). The taW?u «n be 
bjsmutb salts according to tbe mvenuon and/or their pbysi- so uncoated or they can be coated by means of the toow^ 
ologic^ y tolerable salts are brought, together with one or techniques in order to delay dissolution and absomtion^be 
more sohd or liquid pharmaceutical exdpiente and/or aux- stomach and thus to give a lasting action overTrelaUvely 
diaries and. if destred. m combmation witb other pbanna- long period of time. Thus, for example, a release^S 
ceuucally acuve compounds, mto a suitable administration substance such as. for example, glyceryl monostearatew 
form or dosage form which can then be used as a pharma- 65 glyceryl dislearate can be employed. In bard gelatin capsules 
ceuueal .n human med.ane or veterinary medicine. These for oral administration, tbe actiw compound can be mixri 
pharmaceuticals are ma.nly intended for oral administration. for example, with an inert solid extender for example 
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calcium phosphate or kaolin, in soft gelatin capsules tbe 
active compound can be mixed, for example, with an 
aqueous medium, for example water, or an oily medium, for 
example peanut oil, liquid paraffin or olive oil. The excipi- 
ems and/or auxiliaries suitable for tbe desired pharmaceu* 
ticaJ formulation are familiar to the person skilled in the art 
on the basis of his expert knowledge. As auxiliaries there 
may be mentioned, for example, antioxidants, dispersants, 
cmulsifiers, solubilizers, stabilizers, flavorings, sweeteners, 
colorants, preservatives, agents for achieving a depot effect, 
buffer substances, etc. 

Tbe dose to be administered of the bismuth salts accord- 
ing to the invention or of their physiologically tolerable salts 
depends on the individual case and is to be adapted to the 
conditions of the individual case for an optimum action as 
usual. Thus it depends, of course, on the frequency of 
administration and on tbe potency and duration of action of 
the compounds employed in each case for therapy or 
prophylaxis, but also on the nature and severity of the 
disease to be treated and on the sex, age, weight, state of 
health, nutrition, individual responsiveness of the human or 
animal to be treated, on interactions with other pharmaceu- 
ticals and on whether treat men i is acute or prophylactic. 
Customarily, the daily dose in the case of oral administration 
of a pharmaceutical preparation to a human weighing 
approximately 75 kg is 5 mg to 5 g per person per day, 
preferably 50 mg to 2 g per person per day. The dose can be 
administered in the form of an individual dose or subdivided 
into several, for example, two, three or four, individual 
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Apart from as pharmaceutical active compounds, the 
bismuth salts according to the invention can also be used, as 
already mentioned above, as intermediates for the produc- 
tion of other pharmaceutical Iy active compounds. They can 
furthermore be employed as auxiliaries in biochemical or 
microbiological investigations or in diagnostic procedures, 
for example in in vitro diagnoses. 

EXAMPLES 

Example 1 

Bismuth salt of moenomycin A in the chloride form 
(Formula: (C^H^BiN^P)*, counterion: CI"; MW 
1825) 

50 g of moenomycin A sodium salt were dissolved in 2 L 
of methanol and treated with stirring with 9.6 g of BiCl 3 in 
100 ml of methanol for 2 hours at room temperature. After 
gentle stirring for a further 15 minutes, the resulting while 
precipitate was washed several times with 2 L of methanol 
each by su'rring the precipitate with a glass rod and collect- 
ing the undissolved bismuth salt of moenomycin A by 
centrifuging. After drying in vacuo, 28 g of product were 
obtained which after grinding and sieving was employed for 
the biological investigations. The product obtained was 
characterized, inter alia, by the following analyses 
a) 'H- and "C-NMR 

Chemical shifts (in ppm) of the moenomycin A bismuth 
salt in the chloride form obtained according to Example 1 
and of the moenomycin A sodium salt as a comparison are 
shown (in d fi DMSO) 



Molecule position (see Formula la below) 



Bi salt, chloride form 
'H 


Na salt 
*H 


Bi salt, chloride form 
»C 


Na sail 

"C 


4.07/3.94 


4.07/3.83 


65.42 


64.78 


5.33 


5.32 


123.66 


323,53 






138.73 


336.84 


2.06 


2.03 


31.80 


33.96 


2.05 


2.02 


30.70 


30.88 


5.25 


5.24 


125.23 


325.43 


5.36 


5.35 


339.80 


339.79 






35.07 


35.39 


3.33 


3.33 


40.86 


40.93 


3.86 


3.85 


30.61 


30.68 






149.35 


349.23 


2.66 


2.65 


34 39 


34.47 


5.32 


5.33 


321.66 


323.75 






135.69 


335.83 


3.98 


3.98 


39.08 


39.22 


2.05 


105 


26.01 


26.08 


5.07 


5.06 


32356 


124.05 






130.56 


330.70 


3.63 


3.63 


25.34 


25.48 


3.55 


3.55 


1737 


37.53 


3.57 


3.57 


15.62 


35.73 


4.66 


4.65 


308.58 


308.70 


0.94 


0.93 


27.02 


27.33 


0.94 


0.93 


27.02 


27.33 


3.70 


3.67 


23.20 


23.28 






') 


373.68 


4.03 


3.64 


77.69 


80.89 


3.85 


3.99/3.75 


65.23 


67.25 


8.66 


7.47 










broad 


393.37 






') 


309.67 



1 

2 

3 

4 

5 

6 

7 

8 

9 
30 
33 
12 
33 
34 
35 
36 
37 
38 
39 
20 
23 
22 
23 
24 
25 
26 
27 
28 
A-NH 
A3 
A2 

A3 — — broad 193.37 

A4 broad 100 •) 30 . fi8 

A5 broad 2.00 •) 30.88 

Br 4.43 4.33 302.87 30 3 24 

B2 ' 3.43 3.38 69.79 70.24 

B3 ' 3.43 3.37 72.48 72.98 
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-continued 



Molecule position (see Formula la below) 



Bi salt, chloride form 



Nasah 



Bi salt, chloride form 
"C 



Na salt 



B4' 
B5' 


193 


4.26 


B5'«C 


— 


C3* 


4.53 


C2' 


3.52 


C2-NH 


7.83 


C2-C 


— 


C2'-Ac 


1.88 


C3' 


3.54 


C4' 


3.23 


C5' 


3.52 


CS -Me 


3.33 


DV 


4.35 


D2* 


2.97 


D3 1 


3.25 


D4' 


3.04 


D5' 


3.23 


D6' 


3.7Q3.44 


El' 


4.53 


E2* 


3.37 


E2-NH 


7.43 


E2'«C 




E2'-Ac 


3.82 


E3' 


3.59 


E4' 


3.35 


E5* 


3.43 


E6' 


3.97/3.54 


FT 


5.67 


F2' 


3.43 


RV 


4.93 


F3'-NH a 


6.25 


F3'-C 




F4' 




F4-Me 


3.30 


PS' 


4.23 


F5*-NH 2 


7.42/7.02 







3.92 
3.94 

4.66 
3.52 
8.08 

3.90 
3.48 
3.35 
3.48 
3.33 
4.37 
2.96 
3.26 
3.03 
3.23 
3.73/3.44 
4.46 
3.55 
7.63 

3.82 
3.53 
3.35 
3.38 
3.99/3.44 
5.75 
3.38 
4.90 
636 



1.06 
4.28 
7.49/7.29 



69.08 
74.31 
169.37 
303.09 
55.50 

169.44 
22.94 
71.66 
83.71 
70.32 
17.37 
102.64 
73.43 
76.67 
70.33 
76.67 
63.24 
101.09 
55.02 

169.03 
23.30 
73.83 
80.27 
73.83 
67.39 
93.60 
76.63 
73.85 

356.35 
7160 
16.21 
71.61 

371.79 



69.46 
75.36 
367.03 
300.98 
55.63 

370.03 
22.97 
72.89 
84.02 
70.73 
17.53 
302.88 
73.49 
76.69 
70.24 
77.23 
63.52 
303.53 
55.03 

369.83 
23.03 
72.79 
79.67 
72.03 
68.28 
93.69 
77.23 
74.35 

35633 
72.53 
36.04 
73.73 

373.80 



'JTfaese signals cannot be assigned unequivocally. 



Hi 

H 2 NOOO. 




NHAc^ r \ 



OH 



H 




Formula la (moenomycto A) 



Tbe atomic ratio bismuth: phosphorus waSvsTl e' 60 M^ffl&tt"™* Stl \ ° f "P 0 * 00 ""^ A were com- 

the bismuth is homogeneously .SSZSS ^ 5S£^X^^.S^.?B^ 

porated into tbe orcanic oowder Darticles JWH* th* k« * "'ymg. j ney anoraea a rurtner 21 g of tbe bismuth 

U .na phosphLs GfirSSStt Jed $L£*ZX^ form • whicb Wis 

oxygen), small amounts of sodium were detected in locally P p„ JmU o 

differing concentrations. 7 6S n; c ^,.th ..i. r ^mpit i 

The superuatan. from the moenomycin bismuth chlo- flKto (C H i?oT« SL t ? w«, 

ride predpitauoD was treated with 100 ml of DMSO, con- 185™ ^"""J* 1 "' 0 ^ • «™"«™: NO/; MW 
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163 mg of moenomycin A sodium sail were dissolved in 4. The composition of matter of claim 3 wherein the 
4 ml of methanol and treated with stirring with a solution of antibiotic is at least one of m ~ T 
48.5 mg of bismuth(III) nitrate penlahydrale in 200 jd of * ntlbloUc 15 al lcasl onc of moenomycin A or moenomycin 
DMSO. A precipitate resulted, which was purified by sus- 3 

pending three times in methanol, centrifuging and separating 5 , 5 ' ^ ^mP 0 ^" 011 of matter of claim 1, wherein said 
off the supernatant. After drying the precipitate in vacuo, 112 bismuth sail of an antibiotic of the moenomycin group 
mg of bismuth salt of moenomycin A in the nitrate form further comprises a physiologically tolerable anion, 
were obtained. Electron-dispersive X-ray microanalysis was 6. The composition of matter of claim 4 wherein said 
earned out as in Example 1 and gave corresponding results, bismuth salt of an antibiotic of the moenomvein eroun 
but no chlorine content. ^ ^ , physiologicaU tolcrablc gr0U P 

According to the above Examples, the following bismuth 30 7. The composition of matter of claim 1 wherein the 
salts of moenomycin antibiotics can also be obtained: bismuth anrf ihV mfihfeifr wnercin the 

Moenomycin A bismuth salt in the chloride form 1 -1 " 3 " ° f 

(Formula: (C^BiN^P)*, counterion: OT; MW T^nhL ' 

1811) 8 - A method of preparing the composition of matter of 

Moenomycin C a bismuth salt in the chloride form (Formula: 15 claim lf com P risin 8 reacting at least one antibiotic of the 

(C 62 H M BiN 5 0 28 P)* t counterion: CI"; MW 1632.8) moenomycin group or a salt thereof with a bismuth salt in a 

Moenomycin C 3 bismuth salt in the chloride form (Formula: solvent or dispersant. 

(C^H^iNjOaeP)*, counterion: CI"; MW 1646.9) 9. A pharmaceutical composition, comprising a bismuth 

Moenomycin C, bismuth salt in the chloride form (Formula: salt of claim 1 or a physiologically tolerable thereof and a 

(C M H fi6 BiN 5 O 20 Pr f counterion: CI"; MW 1662.9) 20 pharmaceutical^ tolerable excipient. * ' 

Biological Investigations 10 - A pharmaceutical composition of claim 9, further 

Antibacterial activity of the bismuth salts of antibiotics of com P risin g an active compound for the treatment of gastric 
the moenomycin group against Helicobacter pylori was disordc r or ulcers. 

assayed. Helicobacter pylori was precultured at 35° C. on 11 A melnod for treating ulcers, gastric disorders, gastric 
tryplic soy-agar (+5% defibrinated sheeps' blood,+actidione 25 ulccrs » °* gastritis, comprising administering to a host in 
500 /ig/ml) under microaerophilic conditions (Anacrocult, need thereof an effective amount of a bismuth salt of claim 
Merck) in a C0 2 atmosphere (8-10% COJ for 5 days. For 1 or a physiologically tolerable salt thereof 
the actual experiment, the grown cultures were removed 12. A pharmaceutical composition for the control of 
completely from the precu ture plate using a cotton swab §tmiM*JL. _ • • l ~ ailIU " AO * lDC control oi 
suspended" in 0.9% strength Na'ci soluL aTad^fi 30 "Z^^TS^"^^^ 9 " 
using McFarland standard to a microorganism density of Zu T ™ 'JHlJ * • " °! 1 P^ 1 **^ 
3x10 8 cfu/ml. The in vitro activity of the test substances was to,crablc sal1 tncreo£ > to g clbw with a pharmaceutical^ tol- 
detcrmined by the agar dilution method using Columbia agar Crablc cxcl P 1CDt or auxiliary. 

(+5% defibrinated sheeps' blood,+actidione, 500 /*g/ml) as . 13, A mclhod for controlling Helicobacter pylori, corn- 
test medium. The agar plates, which contained various 35 P risim J administering to a host in need thereof an effective 
concentrations of test substance (0.002 to 128 #g/ml), were amount of a bismuth salt of claim 1 or a physiologically 
inoculated in a punctiform manner (multipoint inoculalor, tolerable salt. 

Denley) with the adjusted microorganism suspensions. Incu- A pharmaceutical composition for the reduction of the 

bation was carried out under microaerophilic conditions (see nsk of stomach cancer in which H. pylori is a causative 
above). After 5 days at 35° C, the lowest substance con- «o factor, comprising an efficacious amount of at least one 
centralion was determined at which colony formation was bismuth salt of claim 1 or of a physioIogicaUy tolerable salt 
not detectable visually, and defined as the minimum inhibi- thereof, together with a pharmaceutical^ tolerable excinicm 
tory concentration (MIC). Like the bismuth salts, the cor- or auxiliary. V ™ CXC,piCD! 

responding sodium salts were investigated for comparison. 15. A method for reducing the risk of stomach cancer in 
Results: Minimum inhibitory concentration f>g/ml) 45 which H pylori is a causative factor, comprising adminis- 
tering to a host in need thereof an effective amount of a 
bismuth salt of claim 1 or a physioIogicaUy tolerable salt 
thereof. 

50 A pharmaceutical composition for treating ulcers, 
gastric disorders, gastric ulcers, or gastritis, comprising an 
effective amount of at least onc bismuth salt of claim 1 or of 
a physiologically tolerable salt thereof, together with a 
What is claimed is: pbarmaceuu'cally tolerable excipient or auxiliary. 

1. A composition of matter, comprising a bismuth salt of 55 17 -*™^ 

an antibiotic of the moenomycin group or a physioIogicaUy causative factor, comprising administering an effective 

tolerable salt thereof, wherein said antibiotic of the moeno- .T^! ? u*™? .° f Claim 1 0r a P^'^aUy 

mycin group is present individually, or as a mixture, or as a l0,craD ^ sa,t lbercof t0 a host at risk for developing symp- 

derivative thereof. loms of 51,00 conditions. 

2. The composition of matter of claim 1, wherein the 60 . 18 \ A Pharmaceutical composition for controlling condi- 
antibiotic is one or more of moenomycin, prasinomycin, t,ons m wmCD H ' £W on * a causative factor, comprising an 
diumycin, 11837 R.P., 8036 R.P., 19402 R.P., ensacbomycin,' effcolivc amount of at least one bismuth salt of claim 1 or of 
prenomycin, teichomycin or pbolipomycin. ' a physioIogicaUy tolerable salt thereof, together with a 

3. The composition of matter of claim 1, wherein the pharmaceutical^ tolerable excipient or auxiliary, 
bismuth salt is derived from at least one of the components 65 

of moenomycin. t 



Microorganism 


Moenomycin A 


Moenomycin A bismuth 




sodium salt 


salt, chloride form 
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(Example 1) 


H. pylori ? 42 
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ABSTRACT 



A method of making antacid coated chewing gum products 
comprises the steps of providing chewing gum cores; pro- 
vidwg a coating syrup comprising a bulk sweetener and a 
neutralizing antacid suspended in the coaung syrup, the 
coating syrup containing from about 25% to about 50% by 
weight of the solids in the syrup of a neutralizing antacid, 
selected from the group consisting of aluminum salts, bis- 
muth salts, magnesium salts, sodium bicarbonate, potassium 
bicarbonate, potassium citrate, sodium potassium tartrate, 
tricalcium phosphate and mixtures thereof, and applying the 
coating syrup to the cores and drying the syrup to produce 
a coating on the cores. Methods of use of the product to 
provide relief in the gastrointestinal tract are also included. 
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COATED CHEWING GUM PRODUCTS 
CONTAINING VARIOUS ANTACIDS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation in pari of 
the following applications: 1) U.S. patent application Ser. 
No. 09/552,290, filed Apr. 19, 2000, which is a continuation 
of U.S. patent application Ser. No. 09/389,211, filed Sep. 2, 
1999; 2) PCT Application Serial No. US99/29.792, filed 
Dec. 14, 1999, designating the United States; 3) PCT 
Application Serial No. US99/29.742, filed Dec. 14, 1999, 
designating the United States; 4) U.S. patent application Ser. 
No. 09/591,256, filed Jun. 9, 2000; 5) U.S. patent application 
Ser. No. 09/654,464, filed Sep. 1, 2000; and 6) U.S. patent 
application Ser. No. 09/653,669, filed Sep. 1, 2000. Each of 
the foregoing applications are incorporated herein by refer- 
ence. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to methods for pro- 
ducing coated chewing gum products. More particularly, the 
invention relates to producing coated chewing gum products 
containing a neutralizing antacid other than calcium carbon- 
ale and which is added to the chewing gum coating such that 
it will have a controlled fast release from chewing gum for 
maximum effectiveness. 

[0003] Antacids are usually taken on an "as needed" basis 
to relieve gastrointestinal disturbances mostly due to dietary 
indiscretions. These antacids are generally insoluble inor- 
ganic salts such as calcium carbonate, magnesium carbon- 
ate, calcium hydroxide, magnesium hydroxide, or aluminum 
hydroxide. Antacids readily neutralize acids in the gas- 
trointestinal (GI) tract and arc commonly available in or as 
antacid tablets. Some typical consumer antacid products are: 
TUMS, which contains calcium carbonate; MILK of MAG- 
NESIA, which contains magnesium hydroxide, and 
MAALOX PLUS, which contains a combination of alumi- 
num hydroxide and magnesium hydroxide. Calcium carbon- 
ate is perhaps the most frequently used antacid. However, 
some individuals may not wish to ingest large doses of 
calcium. Calcium carbonate is also not the most effective 
antacid on a weight basis. 

[0004] Coated chewing gum products are well known. 
Many prior art patents disclose chewing gum products 
coated with sugar sweeteners or polyol sweeteners. U.S. Pat. 
No. 4,317,838, for example, discloses a method of applying 
a sugarless coating to chewing gum. The coating may 
include calcium carbonate, talc or magnesium trisilicate as 
an anti-sticking agent. Synthetic sweeteners, including many 
different high-intensity sweeteners, are also suggested for 
use in the coating. 

[0005] Another area of interest is the use of medicaments 
in chewing gum. In some instances, it is contemplated that 
an active medicament that is added to the chewing gum may 
be readily released. An active medicament may be added to 
the gum coating, which is a water soluble matrix, such that 
during the chewing period, the medicament may be released 
quickly, resulting in a fast release. This would allow a 
chewing gum coating to be a carrier for an active medica- 
ment, specifically an antacid with these fast release charac- 
teristics. For example, U.S. Pat. No. 4,867,989 discloses a 
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chewing gum composition coated with an outer shell con- 
taining layers of a mineral compound and a coating syrup, 
but this patent states that the mineral compound must be 
added separately and not dispersed in the syrup used to make 
the coating. 

[0006] Previously, antacids have been added to chewing 
gum and in a chewing gum coating, but some products have 
not been totally consumer acceptable. The large amount of 
active antacid needed for effectiveness does not lend itself to 
giving a good tasting product. Also, the presence of sugar in 
the antacid chewing gum or coated on the chewing gum of 
some products is not consumer acceptable because sugar 
causes dental caries. 

[0007] A sugarless coaled chewing gum produced having 
calcium carbonate as an antacid in a sorbitol base coating is 
currently being sold under the trademark CHOOZ®. It has 
been found that by adding the antacid to a gum coating, the 
antacid is quickly released from the chewing gum into saliva 
and into the gastrointestinal (GI) tract. Relief from GI 
disturbances is quickly obtained, but does not last long. 

[0008] It would be beneficial if antacids other than cal- 
cium carbonate could be administered in a form that was fast 
acting. It would be preferable to have not only fast relief, but 
relief of a longer duration. Thus, there is a need for a way 
to make coated chewing gum products that use an antacid 
other than calcium carbonate, and preferably provide antacid 
relief for a long duration, as well as being acceptable to the 
consumer from taste and other standpoints. 

SUMMARY OF THE INVENTION 

[0009] It has been found that antacids, other than calcium 
carbonate, can be added as a suspension to the coating syrup 
to thus be included in the gum coating. These antacids will 
quickly dissipate to provide fast relief. 

[0010] In a first aspect, the invention is a method of 
making antacid coated chewing gum products comprising 
the steps of: providing chewing gum cores; providing a 
coating syrup comprising a bulk sweetener and a neutraliz- 
ing antacid suspended in the coating syrup, the coating syrup 
containing from about 25% to about 50% by weight of the 
solids in the syrup of a neutralizing antacid selected from the 
group consisting of aluminum salts, bismuth salts, magne- 
sium salts, sodium bicarbonate, potassium bicarbonate, 
potassium citrate, sodium potassium tartrate, tricalcium 
phosphate and mixtures thereof; and applying the coating 
syrup to the cores and drying the syrup to produce a coating 
on the cores. 

[00U] In a preferred embodiment, the antacid has a par- 
ticle size of greater than about 3 microns, which makes the 
antacid have a more prolonged period of relief. 

[0012] In a second aspect, the invention is a method of 
delivering an antacid to an individual that provides relief in 
the gastrointestinal tract comprising the steps of: providing 
chewing gum cores; providing a coating syrup comprising a 
bulk sweetener and a neutralizing antacid suspended in the 
coating syrup, the coating syrup containing from about 25% 
to about 50% by weight of the solids in the syrup of a 
neutralizing antacid selected from the group consisting of 
aluminum salts, bismuth salts, magnesium salts, sodium 
bicarbonate, potassium bicarbonate, potassium citrate, 
sodium potassium tartrate, tricalcium phosphate and mix- 
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tures thereof; applying the coating syrup to the cores and 
drying the syrup to produce a coating on the cores; and 
chewing the antacid coated chewing gum product in the 
mouth and swallowing the coating, the coating dispersing 
and dissolving to provide an antacid in the gastrointestinal 
tract. 

[0013] Preferred embodiments of the invention include the 
addition of acid blockers such as histamine H 2 - receptor 
antagonists. These agents inhibit or block the secretion of 
gastric acid by binding to a specific histamine receptor on 
the parietal (acid secreting) cell membranes located in the 
stomach. These agents, which may be added to the chewing 
gum center or to the antacid coating, are used for extended 
relief of gastrointestinal disturbances and extended relief 
from stomach acidity. Examples of histamine H 2 - receptor 
antagonists are cimelidine, ranitidine and its active salt, 
nizatidine and famotidine, with famotidine being preferred. 

[0014] It is believed that the neutralizing antacids other 
than calcium carbonate, when used in a coating made with 
a syrup having the antacid dispersed therein, will give a fast 
release of the antacid. In the preferred embodiment, provid- 
ing a larger particle size antacid in a chewing gum coating 
makes it more effective and longer lasting. Thus, an advan- 
tage of a preferred embodiment of the present invention is 
administering an antacid to an individual that has a larger 
particle size than is typically administered orally, giving 
extended relief while still achieving the effect of fast relief. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] As used herein, the terra "chewing gum" includes 
bubble gum and all other types of chewing gum. Unless 
specified otherwise, all percentages are weight percentages. 

[0016] As mentioned above, products made by the present 
invention will include an antacid. The antacid will prefer- 
ably be included as part of the coating syrup used to prepare 
a coated chewing gum product. A typical syrup may contain 
a polyol, suspended antacid, a binding agent, a high -in ten- 
sity sweetener and a whilener. 

[0017] In a preferred embodiment of the present invention, 
the antacid is contained in the coating of chewing gum 
products, which allows a chewing gum coating to be a 
carrier for the antacid. Accordingly, as the chewing gum is 
chewed, the active antacid in the gum coating is released 
into the saliva and ingested to give relief from gastrointes- 
tinal disturbances in the GI trad. 

[0018] Antacid materials are given in the Merck Index or 
the Code of Federal Regulations. Such antacids; other than 
calcium carbonate, are suggested for use in this invention. 
These are listed below: 

[0019] Aluminum salts 

[0020] Alexito! sodium (aluminum sodium carbonate 
hexilol complex) 

[0021] Almagate (carbonic acid, aluminum magne- 
sium complex) 

[0022] aluminum hydroxide 

[0023] aluminum magnesium silicate 

[0024] aluminum phosphate 



[0025] basic aluminum carbonate gel (aluminum 
hydroxide-aluminum carbonate gel) 

[0026] Sucralfate (basic aluminum sucrose sulfate 
complex) 

[0027] dihydroxyaluminum aminoacetate 

[0028] dihydroxyaluminum sodium carbonate 

[0029] Magaldrate (aluminum magnesium hydroxide 
monohydrale) 

[0030] Bismuth salts 

[0031] bismuth aluminate 

[0032] bismuth phosphate 

[0033] bismuth carbonate 

[0034] bismuth subcarbonate 

[0035] bismuth subgallate 

[0036] bismuth subnitrate 
[0037] Magnesium salts 

[0038] magnesium carbonate 

[0039] magnesium hydroxide 

[0040] magnesium oxide 

[0041] magnesium peroxide 

[0042] magnesium phosphate, tribasic 

[0043] magnesium silicates (magnesium trisilicate) 

[0044] magnesium aluminosilicates 

[0045] Other Salts of Bicarbonate, Citrate, Phospale, and 
Tartrate 

[0046] sodium bicarbonate 

[0047] potassium bicarbonate 

[0048] potassium citrate 

[0049] sodium potassium tartrate 

[0050] tricaldum phosphate 

[0051] The preferred antacids are generally carbonate or 
hydroxide salts of calcium, magnesium or aluminum, and 
are generally very water insoluble. When these materials are 
mixed with acids in the GI tract, the adds are readily 
neutralized to give relief from GI disturbances. Neutralizing 
antacids, which are insoluble inorganic salts, are known io 
neutralize stomach addity very quickly. As a result, relief 
from gastrointestinal distress is fast and effective, but does 
not last long, possibly up to about 30 minutes. An add 
blocker, when taken in combination with the antadd, will 
start to be effective after about 30 minutes, and be most 
effective after about 3-6 hours, and may last up to about 9-12 
hours. 

[0052] Examples of add blockers are histamine H 2 - 
receptor antagonists which include dmelidine, used in an 
over the counter (OTC) preparation called TAGAMET; 
famotidine, used in an OTC preparation called PEPCID; the 
hydrochloride salt of rantidine, used in ZANTAC; and 
nizatidine, used in AX1D. Some other types of add blockers 
are called gastric proton pump inhibitors. These include 
omeprazole, used in PRILOSEC, and rabeprazole. All of 
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these have been used for the treatment of digestive disorders 
such as gastritis, dyspepsia, gastric hyperacidity, heartburn, 
gastric oppression and peptic ulcer. 

[0053] Acid blockers may be added to a gum center, to a 
gum coating, or both the gum center and coating. A water- 
soluble acid blocker may be added to the gum center and 
release during chewing. Other acid blockers that may be 
water insoluble may need to be treated so as to allow their 
release from the chewing gum. These treatments may 
involve encapsulation, agglomeration, or entrapment of the 
acid blocker in a water-soluble matrix. Without a water- 
soluble matrix, the acid blocker may have an affinity for the 
gum base and not release for its intended effect. 
[0054] Acid blockers may also be added to a chewing gum 
coating. If water soluble, the add blocker may be added to 
the sugar orpolyol syrup and applied throughout the coating 
process. Water insoluble acid blockers may be dissolved or 
dispersed in a solvent, possibly flavors, and applied at 
various times during the coating process. Preferably, the acid 
blocker may be added as a powder after it has been preb- 
lended with a dry charge material. This could allow more 
control of the level of the acid blocker used in the chewing 
gum product and may reduce any instability problems of the 
acid blocker that may be associated with moisture. 
[0055] A dry pretreated acid blocker may be used that has 
been treated to give maximum stability. This pretreatment 
may include encapsulation, agglomeration, or entrapment of 
the acid blocker in a water soluble or water insoluble matrix 
necessary to give maximum stability of the acid blocker. 
This matrix may include materials that may control the 
release of the acid blockers in the stomach for maximum 
effectiveness. Stability of the acid blocker will be very 
important since the gum coating will also contain an effec- 
tive amount of neutralizing antacid other than calcium 
carbonate, that will increase the pH of the coating, and 
which may effect the overall stability of the acid blocker. 
[0056] The dosage level of acid blocker used in a preferred 
coated chewing gum product will vary depending on the 
acid blocker used. In general, the level of acid blocker will 
be about 1 mg to about 200 mg either in the gum center or 
preferably in a gum coating. This level of acid blocker is 
used in addition to a high level of antacid in the gum coating. 
The level of neutralizing antacid in the gum coating will be 
about 250 to 800 mg in 1 or 2 pieces of gum product having 
a weight of about 1.5 to 3 grams. 
[0057] For antacid chewing gum products, magnesium 
hydroxide, magnesium carbonate and aluminum hydroxide 
are the most preferred antacid materials. The materials must 
be used in a gum coating to be most effective. Chewing gum 
bases that contain calcium carbonate or other antacids do not 
readily release the antacid during chewing. Since antacids 
are very water insoluble, they release from gum base either 
very slowly or over very long extended chewing. As a result, 
the materials mixed into the gum base are not effective as an 
antacid. Generally, when an antacid is added to a gum 
formulation separate from the gum base, the antacid 
becomes intimately mixed with the base during chewing and 
also releases slowly. However, when an antacid is used in the 
coating of the chewing gum, it does become quickly avail- 
able in the oral cavity and is ingested to be an effective 
antacid. 

[0058] Generally, suspension coatings with antacids for an 
antacid gum may be made with sugar. Sugar with its 
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naturally sweet taste masks some of the off-taste due to the 
use of high levels of antacid. With the advent of new coating 
technologies using less sweet sugarless polyols instead of 
sugar, the sweet taste of the coaling is significantly reduced. 
In some coalings where xylitol is used, it is sufficiently sweet 
as a coating, but other polyols such as maltitol, hydroge- 
nated isomaltulosc, sorbitol, or erythritol, arc not. When the 
coating contains high levels of antacids, the polyols gener- 
ally lack sufficient sweetness to give a good tasting product. 
As a result, high-intensity sweeteners are preferably added 
to the coaling containing antacids to give a high-quality, 
consumer-acceptable product. 

[0059] For coated antacid chewing gum type products, the 
high level of antacid in the coating modifies the taste quality 
and gum texture. The addition of high-intensity sweeteners 
to the gum coating improves the taste of the finished 
product. This also occurs in sugar coaled gums as well as 
polyol coated gums, so aspartame or another high-intensity 
sweeteners may also be added to sugar coated gums with 
antacids. If the high-intensity sweeter is subject to degrada- 
tion, it may preferably by added as part of a different coating 
syrup from the coating syrup containing the antacid, as 
disclosed in U.S. patent application Ser. No. 09/591,256 
filled Jun. 9, 2000, hereby incorporated by reference. 
[0060] Since many of the neutralizing antacids are very 
water insoluble, the reaction rate of the salts with aqueous 
acids is dependant on the surface area of the neutralizing 
agent. Neutralizing agents with a large surface area will 
read faster with acids than those with a small surface area. 
Many smaller size particles with a combined large surface 
area neutralize acids faster than fewer large particles with a 
combined small surface area. However, larger particle sizes 
of antacids give longer lasting relief from stomach acidity. 
When the antacid particles are suspended in a coating syrup 
and applied as a gum coating, the particle sizes of antacid 
remains essentially the same throughout the process. 
[0061] In studies performed using calcium carbonate but 
directed to determining the effect of particle size, analysis of 
a precipitated calcium carbonate having a median particle 
size of about 5 microns was done before and after being 
applied as a coating. Before coaling, the sample was ana- 
lyzed and found to have a median particle size of 5.1 
microns. After preparing the sample of calcium carbonate in 
a suspension and applying it to a gum pellet for an antacid 
gum product, the particle size of the calcium carbonate was 
4.9 microns. 

[0062] It has been determined that a calcium carbonate 
having a median particle size of about 3 microns or greater 
is sufficient to give longer lasting relief of excess stomach 
activity. Other neutralizing antacids with a particle size of 
about 3 microns or greater should have a similar effect of 
giving long lasting relief from stomach acidity. Preferably 
the median particle size of the neutralizing antacid in the 
coating will be between about 3 microns and about 75 
microns, and more preferably between about 3 microns and 
about 15 microns. 

[0063] In terms of water solubility, larger particles have a 
tendency to dissolve more slowly in water, and as the 
neutralizing antacid dissolves, it neutralizes stomach acidity. 
Smaller panicles of the neutralizing antacid could react 
faster, and larger particles would react slower. 
[0064] In addition to the particle size of the antacid, 
different crystal structures have an effect on the rale of 



US 2001/0021403 Al Sep. 13, 2001 



dissolution and the rate of neutralization. For example, 
natural forms of calcium carbonate such as Calcile, Arago- 
nite, and Valerile are highly crystalline forms of calcium 
carbonate and could dissolve more slowly. Marble, Dolo- 
mite, and even Mollusk shells are made of amorphous forms 
of calcium carbonate, and could dissolve faster. Precipitated 
calcium carbonate, which is purified from natural sources, is 
a "micro" crystalline form and would dissolve quickly and 
neutralizes acidity quickly. Neutralizing antacids other than 
calcium carbonate, for use in the present invention, may 
have similar forms and react similarly. 

[0065] In general, a chewing gum composition typically 
comprises a water-soluble bulk portion, a water-insoluble 
chewable gum base portion and typically water-insoluble 
flavoring agents. The water-soluble portion dissipates with a 
portion of the flavoring agent over a period of time during 
chewing. The gum base portion is retained in the mouth 
throughout the chew. 

[0066] The insoluble gum base generally comprises elas- 
tomers, resins, fats and oils, softeners and inorganic fillers. 
The gum base may or may not include wax. The insoluble 
gum base can constitute approximately 5% to about 95% by 
weight of the chewing gum, more commonly the gum base 
comprises about 10% to about 50% of the gum, and in some 
preferred embodiments approximately 25% to about 35% by 
weight, of the chewing gum. In pellet gum center formula- 
tions, the level of insoluble gum base may be much higher. 

[0067] In a preferred embodiment, the chewing gum base 
of the present invention contains about 20% to about 60% by 
weight synthetic elastomer, about 0% to about 30% by 
weight natural elastomer, about 5% to about 55% by weight 
elastomer plaslicizcr, about 4% to about 35% by weight 
filler, about 5% to about 35% by weigh! softener, and 
optional minor amounts (about 1% or less by weight) of 
miscellaneous ingredients such as colorants, antioxidants, 
etc. 

[0068] Synthetic elastomers may include, but are not 
limited to, polyisobutylene with GPC weight average 
molecular weights of about 10,000 to about 95,000, isobu- 
lylene-isoprene copolymer (butyl elastomer), styrene-buta- 
diene, copolymers having styrene-butadiene ratios of about 
1:3 to about 3:1, polyvinyl acetate having GPC weight 
average molecular weights of about 2,000 to about 90,000, 
polyisoprene, polyethylene, vinyl acetate - vinyl laurate 
copolymers having vinyl laurate contents of about 5% to 
about 50% by weight of the copolymer, and combinations 
thereof. Preferred ranges are: 50,000 to 80,000 GPC weight 
average molecular weight for polyisobutylene; 1:1 to 1:3 
bound styrene-butadiene for styrene-budadiene; 10,000 to 
65,000 GPC weight average molecular weight for polyvinyl 
acetate, with the higher molecular weight polyvinyl acetates 
typically used in bubble gum base; and a vinyl laurate 
content of 10-45% for vinyl acetate-vinyl laurate. 

[0069] Natural elastomers may include natural rubber 
such as smoked or liquid latex and guayule, as weU as 
natural gums such as jelutong, lechi caspi, perillo, sorva, 
massaranduba balata, massaranduba chocolate, nispero, ros- 
indinba, chicle, gutta hang kang, and combinations thereof. 
The preferred synthetic elastomer and natural elastomer 
concentrations vary depending on whether the chewing gum 
in which the base is used is adhesive or conventional, bubble 



gum or regular gum, as discussed below. Preferred natural 
elastomers include jelutong, chicle, sorva and massaranduba 
balata. 

[0070] Elastomer plasticizers may include, but are not 
limited to, natural rosin esters such as glycerol esters or 
partially hydrogenated rosin, glycerol esters of polymerized 
rosin, glycerol esters of partially dimcrized rosin, glycerol 
esters of rosin, pentaerythritol esters of partially hydroge- 
nated rosin, methyl and partially hydrogenated methyl esters 
of rosin, pentaerythritol esters of rosin; synthetics such as 
terpene resins derived from alpha-pinene, beta-pinene, and/ 
or d-hmonene; and any suitable combinations of the fore- 
going. The preferred elastomer plasticizers will also vary 
depending on the specific application, and on the type of 
elastomer which is used. 

[0071] FillersAexturizers may include magnesium and cal- 
cium carbonate, ground limestone, silicate types such as 
magnesium and aluminum silicate, clay, alumina, talc, tita- 
nium oxide, mono-, di- and tri-calcium phosphate, cellulose 
polymers, such as wood, and combinations thereof. 

[0072] Softeners/emulsifiers may include tallow, hydroge- 
nated tallow, hydrogenated and partially hydrogenated veg- 
etable oils, cocoa butter, glycerol monostearate, glycerol 
triacetate, lecithin, mono-, di- and triglycerides, acetylated 
monoglycerides, fatty acids (c.g. stearic, palmitic, oleic and 
linoleic acids), and combinations thereof 

[0073] Colorants and whitencrs may include FD&C-type 
dyes and lakes, fruit and vegetable extracts, titanium diox- 
ide, and combinations thereof. 

[0074] The base may or may not include wax. An example 
of a wax-free gum base is disclosed in U.S. Pat. No. 
5,286,500, the disclosure of which is incorporated herein by 
reference. 

[0075] In addition to a water-insoluble gum base portion, 
a typical chewing gum composition includes a water-soluble 
bulk portion and one or more flavoring agents. The water- 
soluble portion can include bulk sweeteners, high-intensity 
sweeteners, flavoring agents, softeners, emulsifiers, colors, 
acidulants, fillers, antioxidants, and other components that 
provide desired attributes. 

[0076] Softeners are added to the chewing gum in order to 
optimize the cbewabflity and mouth feel of the gum. The 
softeners, which are also known as plasticizers and plasti- 
cizing agents, generally constitute between approximately 
0.5% to about 15% by weight of the chewing gum. The 
softeners may include glycerin, lecithin, and combinations 
thereof. Aqueous sweetener solutions such as those contain- 
ing sorbitol, hydrogenated starch hydrolysates, com symp 
and combinations thereof, may also be used as softeners and 
binding agents in chewing gum. 

[0077] Bulk sweeteners include both sugar and sugarless 
components. Bulk sweeteners typically constitute about 5% 
to about 95% by weight of the chewing gum, more typically 
about 20% to about 80% by weight, and more commonly! 
about 30% to about 60% by weight of the gum. Sugar 
sweeteners generally include saccharide-containing compo- 
nents commonly known in the chewing gum art, including 
but not limited to, sucrose, dextrose, maltose, dextrin, dried 
invert sugar, fructose, galactose, com syrup solids, and the 
like, alone or in combination. Sugarless sweeteners include, 
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but are not limited to, sugar alcohols such as sorbitol, 
mannitol, xylitol, bydrogenated starch hydrolysales, malti- 
tol, and the like, alone or in combination. 

[0078] High-intensity artificial sweeteners can also be 
used, alone or in combination, with the above. Preferred 
sweeteners include, but are not limited to, sucralose, aspar- 
tame, N-substituted APM derivatives such as neotame, salts 
of acesulfame, alitame, saccharin and its salts, cyclamic acid 
and its salts, glycyrrbizin, dihydrochalcones, thaumatin, 
monellin, and the like, alone or in combination. In order to 
provide longer lasting sweetness and flavor perception, it 
may be desirable to encapsulate or otherwise control the 
release of at least a portion of the artificial sweetener. Such 
techniques as wet granulation, wax granulation, spray dry- 
ing, spray chilling, fluid bed coating, coacervation, and fiber 
extrusion may be used to achieve the desired release char- 
acteristics. 

[0079] Combinations of sugar and/or sugarless sweeteners 
may be used in chewing gum. Additionally, the softener may 
also provide additional sweetness sucb as with aqueous 
sugar or alditol solutions. 

[0080] If a low calorie gum is desired, a low caloric 
bulking agent can be used. Examples of low caloric bulking 
agents include: polydextrose; oligofmciose (Raftilose); inu- 
lin (Raftilio); fructooligosaccharides (NutraFlora); palati- 
nose oligosaccharide; guar gum hydrolysale (BeneFiber); or 
indigestible dextrin (Fibersol). However, other low calorie 
bulking agents can be used. 

[0081] A variety of flavoring agents can also be used, if 
desired. The flavor can be used in amounts of about 0.1 to 
about 15 weight percent of the gum, and preferably, about 
0.2% to about 5% by weight. Flavoring agents may include 
essential oils, synthetic flavors or mixtures thereof includ- 
ing, but noi limited to, oils derived from plants and fruits 
such as citrus oils, fruit essences, peppermint oil, spearmint 
oil, other mint oils, clove oil, oil of wintergreen, anise and 
the like. Artificial flavoring agents and components may also 
be used. Natural and artificial flavoring agents may be 
combined in any sensorially acceptable fashion. 

[0082] In general, chewing gum is manufactured by 
sequentially adding the various chewing gum ingredients to 
a commercially available mixer known in the art. After the 
ingredients have been thoroughly mixed, the gum mass is 
discharged from the mixer and shaped into the desired form, 
such as rolling into sheets and cutting into sticks, extruding 
into chunks or casting into pellets, which are then coated or 
panned. 

[0083] Generally, the ingredients are mixed by first melt- 
ing the gum base and adding it to the running mixer. The 
base may also be melted in the mixer itself. Color or 
emulsifiers may also be added at this time. A softener sucb 
as glycerin may also be added at this lime, along with syrup 
and a portion of the bulking agent. Further parts of the 
bulking agent are added to the mixer. Flavoring agents are 
typically added with the final portion of the bulking agent. 
Other optional ingredients are added to the batch in a typical 
fashion, well known to those of ordinary skill in the art. 

[0084] The entire mixing procedure typically takes from 
five to fifteen minutes, but longer mixing times may some- 
times be required. Those skilled in the an will recognize that 
many variations of the above described procedure may be 
followed. 



[0085] After the ingredients are mixed, the gum mass is 
formed into pellets or balls. Pellet or ball gum is prepared as 
conventional chewing gum but formed into pellets that are 
pillow shaped, or into balls. The pellets/balls are used as 
cores for the coaled product. The cores can be sugar or 
polyol coated or panned by conventional panning techniques 
to make a unique coated pellet gum. The weight of the 
coating may be about 20% to about 50% of the weight of the 
finished product, but may be as much as 75% of the total 
gum product. 

[0086] Conventional panning procedures generally coat 
with sucrose, but recent advances in panning have allowed 
use of other carbohydrate materials to be used in place of 
sucrose. Some of these materials include, but arc not limited 
to, sugars such as dextrose, maltose, isomaltulosc, and 
lagatose, or sugarless bulk sweeteners such as xylitol, sor- 
bitol, laclitol, hydrogenaled isomaltuiose, crythritol, malti- 
lol, and oiher new polyols (also referred to as alditols) or 
combinations thereof. The coaling is preferably sugarless. A 
preferred coating comprises about 30% to about 75% malti- 
tol. These materials may be blended with panning modifiers 
including, but not limited to, gum arabic, gum talha, mal- 
todextrins, corn syrup, gelatin, cellulose type materials like 
carboxymclhyl cellulose or hydroxymetbyl cellulose, starch 
and modified starches, vegetables gums like alginates, locust 
bean gum, guar gum, and gum tragacanth. Anlitack agents 
may also be added as panning modifiers, which allow the use 
of a variety of carbohydrates and sugar alcohols. Flavors 
may also be added with the sugar or sugarless coating to 
yield unique product characteristics. 

[0087] As noted above, the coating may contain ingredi- 
ents such as flavoring agents, as well as dispersing agents, 
coloring agents, film formers and binding agents. Flavoring 
agents contemplated by the present invention include those 
commonly known in the art such as essential oils, synthetic 
flavors or mixtures thereof, including but not limited lo oils 
derived from plants and fruits such as citrus oils, fruit 
essences, peppermint oil, spearmint oil, other mint oils, 
clove oil, oil of wintergreen, anise and the like. The flavoring 
agents may be used in an amount sucb that the coating will 
contain from about 0.2% lo about 3% flavoring agent, and 
preferably from aboul 0,7% to about 2.0% flavoring agent. 

[0088] Higb-intensily sweeteners contemplated for use in 
the coating include but are not limited to synthetic sub- 
stances, such as saccharin, thaumatin, alitame, saccharin 
salts, aspartame, N-substituted APM derivatives such as 
neotame, sucralose, cyclamic acids and its salts, glycyr- 
rbizin, dihydrochalcones, monellin and acesulfame -K or 
other salts of acesulfame. The high-intensity sweetener may 
be added to the coating syrup in an amount sucb that the 
coating will contain from aboul 0.01% to about 2.0%, and 
preferably from about 0.1% to about 1.0% high-intensity 
sweetener. Preferably the high-intensity sweetener is not 
encapsulated. 

[0089] Dispersing agents are often added to syrup coatings 
for the purpose of whitening and tack reduction. Dispersing 
agents contemplated by the present invention to be 
employed in the coating syrup include titanium dioxide, talc, 
or any other antistick compound. Titanium dioxide is a 
presently preferred dispersing agent of the present invention . 
The dispersing agent may be added to the coating syrup in 
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amounts such (hat the coating will contain from about 0.1% 
lo about 1,0%, and preferably from about 0.3% to about 
0.6% of Ibe agent. 

[0090] When high amounts of antacid is used, the neu- 
tralizing antacid is dispersed or suspended in the coaling 
syrup that contains the sugar or polyol, thus making a syrup 
suspension. Generally, as the level of neutralizing antacid is 
increased, the level of sugar or polyol is decreased. Levels 
of antacid used may be as low as 25% of the total solids or 
as high as 50% of the total solids in the syrup, and more 
preferably will comprise about 30% to about 40% of the 
total solids. In preferred embodiments, the antacid will 
comprise about 25% to about 50% of the gum coating, and 
more preferably about 30% to about 40% of the gum 
coating. 

[0091] Coloring agents are preferably added directly to the 
syrup suspension in the dye or lake form. Coloring agents 
contemplated by the present invention include food quality 
dyes. Film formers preferably added to the syrup include 
methyl cellulose, gelatins, hydroxypropyl cellulose, ethyl 
cellulose, hydroxyethyl cellulose, carboxymethyl cellulose 
and the like and combinations thereof. Binding agents may 
be added either as an initial coating on the chewing gum 
center or may be added directly into the syrup. Binding 
agents contemplated by the present invention include gum 
arabic, gum talha, guar gum, karaya gum, locust bean gum, 
alginate gums, xanthan gum, arabinogalactan, various cel- 
lulose derivatives, vegetable gums, gelatin and mixtures 
thereof, with gum arabic being preferred. The binding agent 
is preferably used at a level of at least about 2% of the 
coating syrup. 

[0092] The coaung is initially present as a liquid syrup 
which contains from about 30% to about 80% of the coaung 
ingredients previously described herein, and from about 
20% lo about 70% of a solvent such as water. In general, the 
coaling process is carried out in a rotating pan. Sugar or 
sugarless gum center tablets lo be coated are placed into the 
rotating pan lo form a moving mass. The material or syrup 
suspension which will eventually form the coaung is applied 
or distributed over the gum center tablets. Flavoring agents 
may be added before, during and after applying the syrup 
suspension to the gum centers. Once the coating has dried to 
form a hard surface, additional syrup additions can be made 
lo produce a plurality of coatings or multiple layers of bard 
coaung. . 

[0093] In a hard coaling panning procedure, syrup is 
added to the gum center tablets at a temperature range of 
from about 100° F. (38° C.) to about 240° F. (116 c C). 
Preferably, the syrup temperature is from about 130* F. (54° 
C.) to about 200° F. (94° C.) throughout tbe process in order 
to prevent the polyol or sugar in the syrup suspension from 
crystallizing. The syrup suspension may be mixed with, 
sprayed upon, poured over, or added lo the gum center 
tablets in any way known to those skilled in the art. 

[0094] In general, a plurality of layers is obtained by 
applying single coals, allowing the layers to dry, and then 
repeating ihc process. The amount of solids added by each 
coaung step depends chiefly on the concentration of the 
coaling syrup suspension. Any number of coals may be 
applied to the gum center tablet. Preferably, no more than 
about 75-100 coats are applied lo the gum center tablets. The 



present invention contemplates applying an amount of syrup 
sufficient to yield a coaled comestible containing about 20% 
to aboul 75% coating. 

[0095] Those skilled in ihe art will recognize that in order 
to obtain a plurality of coated layers, a plurality of premea- 
sured aliquots of coaling syrup suspension may be applied to 
the gum cemer tablets. It is contemplated, however, that the 
volume of aliquots of syrup suspension applied to ihe gum 
center tablets may vary throughout tbe coating procedure. 
[0096] Once a coating is applied to ihe gum center tablets, 
the present invention contemplates drying tbe wet syrup 
suspension in an inert medium. A preferred drying medium 
comprises air. Preferably, forced drying air contacts the wet 
syrup coating in a temperature range of from about 70° F 
(21; C.) to about 115° F. (46° C). More preferably, the 
drying air is in the temperature range of from aboul 80° F 
(27* C) to about 100° F. (38« C). The invention also 
contemplates that the drying air possess a relative humidity 
of less than about 15 percent. Preferably, the relative humid- 
lty of the drying air is less than about 8 percent. 

[0097] Tbe drying air may be passed over and admixed 
with the syrup coaled gum centers in any way commonly 
known in the art. Preferably, the drying air is blown over and 
around or through the bed of the syrup coated gum centers 
at a flow rate, for large scale operations, of about 2800 cubic 
feet per minute. If lower quantities of material arc being 
processed, or if smaller equipment is used, lower flow rates 
would be used. 

[0098] The present invention also contemplates me appli- 
cation of powder material after applying an aliquot of 
coating syrup to help build up the coating. 

[0099] In addition to applying a plurality of liquid layers 
and drying wilh air, a dry charge material may be added to 
dry the coaling applications. This is especiaDy useful when 
coating with some sugars and polyols, such as dextrose, 
sorbitol, maltitol, and bydrogenated isomaltulose. A liquid 
addition of coaling syrup is made in ihe coating process and 
after a specified time to allow the liquid to spread evenly 
over the pieces, a dry powder material is applied. This also 
helps to dry the liquid coating. This is referred to as dry 
charging and is commonly used in "soft* panning operations 
and is commonly known by Ibose skilled in the art Tbe dry 
charge material may consist mostly of the sugar or polyol 
used in the liquid coating, but may also contain other 
additives such as gums, dispersing agents, and antitack 
agents. The acid blocker could be prcblended with ihe dry 
charge material and applied in about 3 to 12 dry charge 
applications. After a dry charge application, 2 to 4 liquid 
applications are made to cover tbe dry charge material. 

[0100] When flavors are added to a sugar or sugarless 
coating of pellet gum, the flavors are generally prcblended 
wilh the coating syrup just prior lo applying it lo ihe core or 
added together to tbe core in one or more coating applica- 
tions in a revolving pan containing the cores. Generally, the 
coating syrup is very hot, about 130° F. (54° C.) to 200° F. 
(93° C), and the flavor may volatilize if preblended with the 
coating syrup too early. 

[0101] The coating syrup is preferably applied to the gum 
cores as a hot liquid, ihe sugar or polyol allowed to crys- 
tallize, and the coating then dried wilh warm, dry air. 
Aliquois of syrups are preferably applied in about 30 to 80 
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applications 10 obtain a bard shell coated product having an 
increased weight gain of about 20% to 75%. A flavor is 
applied with one, two, three or even four or more of these 
coating applications. Each time flavor is added, several 
non-flavored coatings are applied to cover the flavor before 
the next flavor coat is applied. This reduces volatilization of 
the flavor during the coating process. 

[0102] For mint flavors such spearmint, peppermint and 
wintergreen, some of the flavor components are volatilized, 
but sufficient flavor remains to give a product having a 
strong, high impact flavor. Fruit flavors, that may contain 
esters, are more easily volatilized and may be flammable 
and/or explosive and therefore, generally tbese type of fruit 
flavors are not used in coatings. 

EXAMPLES 

[0103] The following examples of the invention are pro- 
vided by way of explanation and illustration. 

[0104] As noted earner, the gum formulas can be prepared 
as sugar or sugarless type formulations and made in a pellet 
or pillow shape or a round ball or any other shape of product 
for coating/panning. However, gum formulas for pellet 
centers are generally adjusted to a higher level of gum base 
to give a more consumer acceptable size of gum bolus. 

[0105] Keeping this in mind, if a coating of about 25% of 
the total product is added to a pellet core as sugar or polyols, 
the gum base io the pellet core should also be increased by 
25%. Likewise, if a 33% coaling is applied, the base levels 
should also be increased by 33%. As a result, gum centers 
are usually formulated with about 25% to about 50% gum 
base with a corresponding decrease in the other ingredients 
except flavor. Even higher levels of base may be used in the 
present invention since an antacid is added to a pellet 
coating. Generally flavor levels in the gum increase with the 
level of gum base as the base tends to bind flavors into the 
gum and more flavor is needed to give a good flavorful 
product. However flavors can also be added to the coating to 
give increased flavor impact and more flavor perception. 

[0106] Some typical sugarless gum center formulations 
are shown in Table 1 that can be used as centers that are 
coated with a coating containing a neutralizing antacid other 
than calcium carbonate to give an effective antacid. 

TABLE 1 



(WEIGHT PERCENT) 
EX.] EX.2 EX.3 EX. 4 EX. 5 EX. 6 



SUGAR 


48.0 


47.0 


46.0 


40.0 


38.0 


35.0 


GUM BASE 


30.0 


35.0 


40.0 


30.0 


35.0 


40.0 


CORN SYRUP 


20.0 


15.0 


12.0 


18.0 


14.0 


12.0 


GLYCERIN 


1.0 


3.0 


3.0 


1.0 


3.0 


1.0 


PEPPERMINT 


1.0 


1.0 


1.0 


3.0 


3.0 


3.0 


FLAVOR 














DEXTROSE 








10.0 


10.0 


30.0 


MONOHYDRATE 














ACID BLOCKER 




1.0 






3.0 


3.0 



[0107] Higher levels of base may be used with a corre- 
sponding decrease in other ingredients. Also, other sugars 
may be used in the gum center. 

[0108] A neutralizing antacid can then be used in the 
coating formula on the various pellet gum formulations. The 



following Table 2 shows some sugar and dextrose type 
coating formulas: Using a 1 gram center, the levels of 
antacid in the following tables will give 250-800 mg per 1 
or 2 pieces in 1 .5-3.0 gram pieces wilh 33% to 66% coaling. 
The level of antacid blocker in the center is 10 mg for a 1 
gram center. Coaling formulas below with acid blocker in 
the center with a 50% coaling will give 20 mg of acid 
blocker in a 2 gram piece. Examples without acid blocker in 
the center, and only in the coating, will give 10 mg acid 
blocker in a 2 gram coated gum piece. 

TABLE 2 



(DRY WEIGHT PERCENT) 



EX.7 EX.8 EX, 9 EX. 30 EX.11 EX.12 



SUGAR 


72.0 


64.3 


53.0 


72.3 


65.0 


55.5 


GUM ARABIC 


ZO 


3.0 


4.0 


2.0 


3.0 


4.0 


TITANIUM 


0.5 


3.0 


3.0 








DIOXIDE 














MAGNESIUM 


25.0 




20.0 


25.0 




20.0 


CARBONATE 














MAGNESIUM 




30.0 


20.0 




30.0 


20.0 


HYDROXIDE 














FLAVOR 


0.3 


0.5 


O.fi 


0.5 


0.8 


0.3 


WAX 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


ACESULFAME K 


0.3 


0.3 


0.3 


0.1 


0.3 


0.1 


ACID BLOCKER 




3.0 


3.0 




3.0 






EX. J3 


EX. 14 


EX. 35 


EX. 36 


DEXTROSE 


72.4 




64.2 


73,0 




55.3 


MONOHYDRATE 














GUM ARABIC 


3.5 




3.0 


3.5 




3.0 


TITANIUM 


0.S 




1.0 








DIOXIDE 














MAGNESIUM 


25.0 






25.0 




30.0 


CARBONATE 














ALUMINUM 






30.0 






30.0 


HYDROXIDE 














FLAVOR 


0.3 




0.5 


0.2 




0.4 


WAX 


0.3 




0.3 


0.3 




0.3 


ACESULFAME K 


0.2 




0.2 


0.2 




0.2 


ACID BLOCKER 






1.0 






3.0 



[0109] The above formulations are made by making a first 
coaling syrup by dissolving the sugar or dextrose mooohy- 
drate and gum arabic in solution at boiling, and suspending 
titanium dioxide and/or antacid in this syrup. When used, the 
acid blocker may be dispersed in the coating syrup. Flavor 
is not mixed with the hot syrup, but added at low levels with 
one or more coats. Acesulfamc K may be added as part of 
the coating syrup. After the final coats are applied and dried, 
wax is applied to give a smooth polish. 

[0110] The above process gives a hard shell coating. Often 
a dry charge of powdered sugar or dextrose monobydrate 
may be used. This gives a somewhat softer coating. A dry 
charge may be used to build up a coating, but then finished 
with a straight syrup to obtain a hard shell. Table 3 gives 
these types of formulas. 
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powder is dry charged after a gum arabic solution is applied 
in the first stages of coaling, which is then followed by a 
hard shell coating of sugar solution or dextrose solution. 

[0112] Gum arabic may also be used in coating of sugar- 
less gum centers. Like sugar gum centers, the base formu- 
lation can be increased in proportion to the amount of 
coating applied to the center. Generally, the base level may 
be increased to 30-46% with the other ingredients propor- 
tionally reduced. Some typical gum formulas are in Table 4. 

TABLE 4 



(WEIGHT PERCENT) 



EX.23 EX.24 EX.25 EX.26 EX.27 EX. 28 EX.29 



GUM BASE 


35.0 


35.0 


30.0 


35.0 


30.0 


40.0 


35.8 


CALCIUM 






5.0 


35.0 


10.0 




14.5 


CARBONATE** 












SORBITOL 


43.3 


43.9 


45.0 


43.3 


49.R 


40.0 


40.6 


MANNTTOL 


10.0 


10.0 


5.0 






8.0 




GLYCERIN 




8.0 


2.0 


3.0 


8.0 


2.0 


3.0 


SORBITOL UOUID 


30.0 




30.0 






6.0«> 


3.05*> 


FLAVOR 


3.5 


3.5 


3.5 


2.5 


2.0 


2.0 


2.5 


ENCAPSULATED 


0.4 


0.4 


0.5 


1.0 


0.2 


0.6 


2.0 


HIGH-INTENSITY 














SWEETENER 
















LECITHIN 




0.2 




0.4 




0.4 


0.55 


ACID BLOCKER 




3.0 


3.0 






3.0 





•>Lycasin brand hydrogenated starch hydrolyzate is used instead of sorbitol liquid. 
b >ThiB material is base filler and may not release to give an antacid effect 
c> Water is added in place of sorbitol liquid. 



TABLE 3 



fDRY WEIGHT PERCENT) 
EX.17 EX.18 EX.19 EX. 20 EX.21 EX.22 



SUGAR* 62.4 50.3 — — 52.4 — 

DEXTROSE — — 62.2 50.0 — 40 8 
MONO- 
HYDRATE- 



TABLE 3-continued 



(DRY WEIGHT PERCENT) 
EX.37 EX.18 EX.39 EX.20 EX.23 EX.22 



30.0 5.0 — — — — 
— — 30.0 5.0 30.0 5.0 



POWDER 
SUGAR- 
POWDER 
DEXTROSE 

GUM ARABIC 2.0 3.0 2,0 3.0 8.0 8.0 
POWDER 

GUM ARABIC — — — — 4.0 4.0 

SOLUTION 

FLAVOR 0.4 0.5 0.4 0.6 0.4 0.8 

WAX 0.3 0.3 0.1 0.3 0.3 0.3 

MAGNESIUM 25.0 40.0 — — _ _ 
CARBONATE 

MAGNESIUM — — 25.0 40.0 — — 
HYDROXIDE 

ALUMINUM — — — — 25.0 40.0 
HYDROXIDE 

ACESUL, 0.3 0.3 0.3 0.3 0.3 0.3 

FAME K 

ACID — 3.0 — 3.0 — 3.0 

BLOCKER- 

"Powder and/or crystalline sugar along with gum arabic may be blended 
with antacid or antacid may be suspended in the sugar ox dextrose syrup. 
"Acid blocker is preblended with powder sugar or dextrose before use. 

[0111] In Examples 17-20, gum arabic is blended in the 
sugar/dextrose symp. In Examples 21 and 22, gum arabic 



[0113] In the above center formulations, the bigfa-intensity 
sweetener used is aspartame, acesulfame K, or a combina- 
tion thereof. However other high-intensity sweeteners such 
as alitame, salts of acesulfame, cyclamate and its salts, 
saccharin and its salts, neotamc, sucralose, lhaumatin, mon- 
ellin, dihydrochalcones, stcvioside, glycynrhizin and com- 
binations thereof may be used in any of the examples with 
the level adjusted for sweetness. 

[0114] Lycasin and other polyols such as malu'lol, xylitol, 
crythritol, laclitol and hydrogenated isomaltulose may also 
be used in the gum center formulations at various levels. The 
texture may be adjusted by varying glycerin or sorbitol 
liquid. Sweetness of the center formulation can also be 
adjusted by varying the level of high-intensity sweetener. 

[0115] Neutralizing antacids can be used in sugarless 
coatings with xylitol, sorbitol, maltitol, laclitol, bydroge- 
nated isomaJtulose and eryihritol. Gum talha acts as a 
binding agent, film former and hardener of the coaled pellet. 
Using a 1 gram center, the levels of antacid in the following 
tables will give 250-800 mg of antacid per 1 or 2 pieces in 
1.5-3.0 gram chewing gum product pieces with 33% to 66% 
coating. The level of acid blocker in the center is 10 mg for 
a 1 gram center. Coating formulas below with add blocker 
in the center with a 50% coating will give 20 mg of acid 
blocker in a 2 gram piece. Examples without acid blocker in 
the center, and only in the coating, will give 10 mg acid 
blocker in a 2-gram coaled gum piece. 
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TABLE 5 



fDRY WEIGHT PERCENT) 





EX. 30 


EX. 33 


EX. 32 


EX. 33 


EX.34 


EX. 35 


XYUTOL" 


69.6 


53.1 


65.5 


49.3 


65.2 


48.0 


GUM ARABIC 


4.0 


6.0 


7.0 


8.5 


8.5 


30.0 


FLAVOR 


0.5 


0.5 


0.7 


0.7 


0.9 


0.5 


TITANIUM 


0.5 


0.9 










DIOXIDE 














TALC 


0.J 


0.3 


0J 


0.3 


0.3 


0.1 


WAX 


0.3 


0.1 


0.1 


0.3 


0.3 


0.3 


COLOR* 






1.4 








MAGNESIUM 


Z5.0 


40.0 




20.0 






HYDROXIDE 














MAGNESIUM 






25.0 






20.0 


CARBONATE 














ALUMINUM 








20.0 


25.0 


20.0 


HYDROXIDE 














ACESUL- 


0.2 


0.3 


0.2 


0.3 


0.2 


0.3 


FAMEK 














ACID 




1.0 




1.0 




3.0 


BLOCKER" 















•LaJce color dispersed in xylitol solution. 

••Acid blocker may be dissolved or dispersed in xylitol syrup. 



[0116] Tbc above formulas arc used lo coat pellets by 
applying a xylitol/gum arabic syrup in multiple coats and air 
drying. Color or titanium dioxide is also mixed in the 
xylitol/gum arabic syrup. Neutralizing antacids may be 
suspended in tbe xylitol hot syrup or added as a dry powder 
between syrup applications. Acesulfame K may be added as 
part of the coating syrup. After tbe pellets have been coated 
and dried, talc and wax are added to give a polish. 

[0117] Like xylitol, maltitol coalings may also contain a 
combination of antacid materials and acid blocker. The 
following formulation can be made. 

TABLE 6 



EX.36 EX.37 EX.38 EX.39 EX.40 EX.43 



MAUTTOL 


68.5 


49.5 


60.8 


50.4 


59.8 


45.3 


MALTITOL 


3.0 


5.0 


6.0 


5,0 


10.0 


6.0 


POWDER 














GUM TALHA 


2.0 


4.0 


6.0 


2.0 


3.0 


6.0 


FLAVOR 


0.5 


0.4 


0.7 


0.5 


0.3 


1.0 


TITANIUM 


0.5 


0.5 


J.O 


0.5 


0.4 


3.3 


DIOXIDE 














TALC 


0.1 


0.3 


0.3 


0.3 


0.1 


0.1 


WAX 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


MAGNESIUM 




20.0 


25.0 






20.0 


HYDROXIDE 














MAGNESIUM 


25.0 


20.0 




20.0 






CARBONATE 














ALUMINUM 








20.0 


25.0 


20.0 


HYDROXIDE 














ACESUL- 


0.3 


0.4 


0.3 


0.4 


0.3 


0.4 


FAME K 














ACID 








3.0 


3.0 




BLOCKER 















[0118] Maltitol powder with tbe acid blocker is used to dry 
charge in the early stages of coating. Maltitol, gum talha, 
neutralizing antacid, and titanium dioxide are blended into 
the coating syrup and applied to tbe gum pellets. The 
mixture is applied as a syrup suspension. After all coating is 
applied and dried, talc and wax are added to give a polish. 
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[0119] In a similar manner, coalings with sorbitol, lactitol 
and hydrogenated isomaltulose may be made in the coating 
formulas in Table 6 by replacing maltitol with any one of the 
other polyols and maltitol powder with the polyol powder. 
Like maltitol, tbe other polyols may become sticky during 
the coating and drying process, so the dry powder charge 
may be needed lo give the proper drying. In the later stages 
of the coating process, less gum talba could be used and a 
more pure polyol syrup could be used to give a smooth 
surface. Also, the dry charge would probably only be used 
in the early stages of the coating process. 

[0120] In addition to dry charging with the specific polyol, 
other ingredients may be added to the dry charge to help 
absorb moisture. These materials could be inert such as talc, 
magnesium carbonate, starches, gums like arabinogalactan, 
gum talha, gum arabic or other moisture absorbing materi- 
als. Also, powdered sweeteners or flavors could be added 
with the dry charge. 

[0121] Polyols such as sorbitol, maltitol, lactitol and 
hydrogenated isomaltulose are not sufficiently sweet com- 
pared to sugar or xylitol, so high-intensity sweeteners are 
preferably added to the coaling. Beside aspartame, other 
high-intensity sweeteners may also be used such as 
acesulfame K, salts of acesulfame, cyclamate and its salts, 
saccharin and its salts, alitame, sucralose, thaumatin, mon- 
ellin, dihydrochalcones, glycyrrhizin, neolame, and combi- 
nations thereof. When adding antacids other than calcium 
carbonate, and a hot syrup is applied, beat and high pH may 
degrade some sweeteners, so only stable high -intensity 
sweeteners should be used if the higb-intensity sweetener is 
added in the main coating syrup. 

[0122] It should be appreciated that the compositions and 
methods of the present invention are capable of being 
incorporated in the form of a variety of embodiments, only 
a few of which have been illustrated and described above. 
The invention may be embodied in other forms without 
departing from its spirit or essential characteristics. The 
described embodiments are to be considered in all respects 
only as illustrative and not restrictive, and tbe scope of the 
invention, therefore, indicated by the appended claims rather 
than by the foregoing description. All changes which come 
within the meaning and range of equivalency of the claims 
are to be embraced within their scope. 

1. A method of making antacid coated chewing gum 
products comprising the steps of: 

a) providing chewing gum cores; 

b) providing a coating syrup comprising: 

i) a bulk sweetener and 

ii) a neutralizing antacid suspended in tbe coating 
syrup; the coating syrup containing from about 25% 
to about 50% by weight of the solids in the syrup of 
the neutralizing antacid, the neutralizing antacid 
being selected from the group consisting of alumi- 
num salts, bismuth sails, magnesium salts, sodium 
bicarbonate, potassium bicarbonate, potassium cit- 
rate, sodium potassium tartrate, tricalcium phosphate 
and mixtures thereof; and 

c) applying the coating syrup lo tbe cores and drying the 
syrup lo produce a coating on the cores. 

2. The method of claim 1 wherein the bulk sweetener is 
a polyol. 
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3. The meibod of claim 1 wherein the bulk sweetener is 
a sugar. 

4. The melhod of claim 3 wherein ihe poJyol is selected 
from the group consisting of sorbitol, xylitol, crythritol, 
maltitol, lactilol, hydrogenated isomaitulose and combina- 
tions thereof. 

5. The method of claim 1 wherein the neutralizing antacid 
is selected from the group consisting of carbonate and 
hydroxide salts of magnesium, aluminum and bismuth. 

6. The method of claim 1 wherein the antacid has a 
median particle size of between about 3 microns and about 
75 microns. 

7. The method of claim 1 wherein the antacid has a 
median particle size of between about 3 microns and about 
15 microns. 

8. The method of claim 1 wherein the coating syrup 
further comprises a binding agent. 

9. The melhod of claim 8 wherein the binding agent is 
selected from the group consisting of gum arabic, gum talha, 
guar gum, karaya gum, locust bean gum, alginate.; gums, 
xanthan gum, arabinogalactan, ceUulose derivatives, veg- 
etable gums, gelatin and mixtures thereof. 

10. The melhod of claim 8 wherein the binding agent 
comprises at least about 2% of the coating syrup. 

11. The method of claim 1 wherein the antacid comprises 
between about 30% and about 40% of the total solids in the 
coating syrup. 

12. The method of claim 1 wherein the coaled products 
contain 250 to 800 milligrams of antacid per piece. 

13. The method of claim 1 wherein the antacid comprises 
between about 30% and about 40% of the coating. 

14. The method of claim 1 wherein the coating further 
comprises a high -intensity sweetener. 

15. The method of claim 14 wherein the high -intensity 
sweetener is selected from the group consisting of sucralose, 
aspartame, N-subslituled APM derivatives, salts of 
acesulfame, aliiame, saccharin and its salts, cyclamic add 
and its salts, glycyrrhizin, dihydrochalcones, thaumatin, 
monellin and mixtures thereof. 

16. The method of claim 1 wherein the bulk sweetener 
comprises maltitol. 

17. The method of claim 1 wherein the coating is sugar- 
less. 

18. The method of claim 14 wherein the high-intensity 
sweetener is applied as part of a different coating syrup from 
the coaling syrup containing the antacid. 

19. The melhod of claim 14 wherein the higb-inteosity 
sweetener comprises acesulfame K. 

20. The method of claim 1 wherein a powdered bulk 
sweetener is applied to the cores after application of the 
coating syrup. 

21. The method of claim 1 wherein the coating- further 
comprises an acid blocker. 

22. The method of claim 21 wherein the acid blocker 
comprises a histamine H 2 - receptor antagonist. 

23. The method of claim 22 wherein the histamine H a - 
receptor antagonist is selected from the group consisting of 
cimetidine, ranitidine and its active salt, famotidine, nizati- 
dine and mixtures thereof. 

24. The method of claim 22 wherein the histamine H 2 - 
receptor antagonist comprises famotidine. 

25. A chewing gum product made by the method of claim 



26. A method of making antacid coated chewing gum 
products comprising the steps of: 

a) providing chewing gum cores; 

b) providing a coating syrup comprising: 

i) a bulk sweetener and 

ii) a neutralizing antacid having a median particle size 
of at least about 3 microns and being suspended in 
the coating syrup, the coaling syrup containing from 
about 25% to about 50% by weight of the solids in 
the syrup of the neutralizing antacid, the neutralizing 
antacid being selected from the group consisting of 
aluminum salts, bismuth salts, magnesium salts, 
sodium bicarbonate, potassium bicarbonate, potas- 
sium citrate, sodium potassium tartrate, tricalcium 
phosphate and mixtures thereof; 

c) providing a dry charge material comprising a bulk 
sweetener; and 

d) applying the coating syrup and dry charge material to 
the chewing gum cores to produce a coating on the 
cores. 

27. The method of claim 26 wherein the coating com- 
prises aboul 30% to about 75% maltitol. 

28. The melhod of claim 26 wherein multiple coats of 
coating syrup and dry charge material are applied to build up 
the coating. 

29. The method of claim 26 wherein the dry charge 
material and coating syrup both include maltitol as the bulk 
sweetener. 

30. A method of delivering an antacid to an individual that 
provides relief in the gastrointestinal tract comprising ihe 
steps of: 

a) providing chewing gum cores; 

b) providing a coaling syrup comprising: 

i) a bulk sweetener and 

ii) a neutralizing antacid suspended in the coating 
syrup, the coaung syrup con laining from aboul 25% 
to about 50% by weight of the solids in the syrup of 
the neutralizing antacid, the neutralizing antacid 
being selected from ihe group consisting of alumi- 
num salts, bismuth salts, magnesium salts, sodium 
bicarbonate, potassium bicarbonate, potassium cit- 
rate, sodium potassium tartrate, tricalcium phosphate 
and mixtures thereof; 

c) applying the coating syrup to the cores and drying the 
syrup to produce a coating on the cores; and 

d) chewing the antacid coated chewing gum product in the 
mouth and swallowing the coating, the coating dispers- 
ing and dissolving to provide an antacid in the gas- 
trointestinal tract. 

31. The method of claim 1 wherein the antacid is an 
aluminum salt selected from the group consisting of alumi- 
num sodium carbonate bexiloi complex; carbonic acid- 
aluminum magnesium complex; aluminum hydroxide; alu- 
minum magnesium silicate; aluminum phosphate; aluminum 
hydroxide-aluminum carbonate gel; basic aluminum sucrose 
sulfate complex; dihydroxyaluminum aminoacetate; dihy 
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droxyaluminum sodium carbonate; aluminum magnesium 
hydroxide monohydrate and mixtures thereof. 

32. The method of claim 1 wherein the antacid is a 
bismuth salt selected from the group consisting of bismuth 
aluminate, bismuth phosphate, bismuth carbonate, bismuth 
subcarbonate, bismuth subgaUalc, bismuth subnitrate and 
mixtures thereof 



33. The method of claim 1 wherein the antacid is a 
magnesium salt selected from the group consisting of mag- 
nesium carbonate; magnesium hydroxide; magnesium 
oxide; magnesium peroxide; magnesium phosphate, triba- 
sic; magnesium silicates; magnesium aluminosilicates and 
mixtures thereof. 

* * ♦ ♦ • 
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The Next Blockbuster Drugs 

From cholesterol fighters to asthma relief, these treatments 
could earn $170 billion 
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Safety and efficacy data are critical to drug candidates. But 
what really makes a potential drug attractive is strong top-line 
data, a oewbiotech-based treatment, and a massive potential 
market. 
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: Get and Share . with he, P from Thomson Reu tens' SD Pharma database and 

our own backlog of coverage, BioHealthIuvestor.com, 
a 247wallst.com website, sought to find the most promising biopharmaceutical 
candidate from both biotech and pharmaceutical companies in each of the top 10 
most prevalent medical conditions in the U.S. 



To do so, we reviewed data and Thomson 
Reuters revenue projections for 745 
prescription drugs. We started by 
identifying the top sellers in each of the 
lop 10 conditions, then looked at 
promising candidates thai threaten to 
one day supplant the market leaders. All 
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of these challenger treatments can lead easily to a blockbuster drug status, 
meaning annual sales of $1 billion or more. 

Here are the top 10 medical conditions, sales estimates for the leading drugs, and 
the up-and-comiug biotech-based candidates: 

i. CHOLESTEROL FIGHTERS: 

Exercise. Lose weight. Avoid trans fats. Sound familiar? Millions in the U.S. 
already have tried those things to some degree their bad cholesterol still is not at 
reasonable levels. It's why cholesterol-lowering agents are the No. l type of 
prescribed medication in the U.S., and are expected to generate $27.4 billion in 
sales this year, according to Thomson Reuters SD Pharma estimates. 



Cholesterol-lowering agents are arguably 
the top U.S. lifestyle drug. An American 
Journal of Medicine article in June 
suggested that Americans have worse 
health habits than they did 18 years ago. 
Waistlines are expanding. Physical 
activity has decreased, and so has healthy 
eating. It's why doctors are apt to 
prescribe cholesterol-lowering drugs 
such as statins to patients as young as 

their late-sos. The drugs have been shown to cut cholesterol, and thereby reducing 
the risk of heart disease. 
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In the future, even patients with normal cholesterol levels maybe prescribed 
statins. An American Heart Association study in November showed that 
AstraZeneca's statin Crestor dramatically cut deaths, heart attacks and strokes in 
patients that had fine cholesterol levels, but high levels of a heart disease-related 
protein. 

There are about 34 million people in the U.S. that would benefit from taking 
statins to cut their heart attack and stroke risk, the AHA says. But that number 
could potentially increase by another 10 million if the new data were to be adopted 
into the association's guideline. 

The class-leading drug is Lipitor from Pfizer Inc., with about 41 percent of the 
market, and expected sales of about $11.2 billion this year. Other heavyweights 
include Crestor, with projected sales of $4.9 billion, and Merck's cholesterol eating 
non-statin, Zetia, with projected sales of S2.1 billion. 

The Potential Blockbusters: 

Hie up-and-coming cholesterol-lowering candidate to watch is a potential 
biopharmaceutical from Aegerion Pharmaceuticals called Lomitapide. It is a small 
molecule drug that works to reduce blood levels of cholesterol and triglycerides by 
limiting the production of lipoproteins from the intestine and liver. 
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Privately held Aegerion Pharma released interim Phase III data for Lomitapide in 
June. Among patients studied. Lomitapide reduced bad cholesterol by 44 percent. 
Interestingly enough, Aegerion entered into collaboration with Pfizer Inc. and the 
University of Pennsylvania for a cross-license relationship covering a range of 
patents related to the use of microsomal triglyceride transfer protein inhibitors. 

2. INSULIN AND DIABETES TREATMENTS: 

The U.S. Centers for Disease Control says that S116 billion was speut on treating 
diabetes in the U.S. in 2007. And because it's a disease where a quarter of the 23.6 
million affected are unaware that they have it, sales of these treatments may soon 
climb under proposed health care reform plans. 

For many who have it, diabetes requires insulin or other daily medications. 
Expected 2009 spending on those drugs is $23.3 billion, according to Thomson 
Reuters' SD Pharma data, second only to cholesterol-fighting drugs. 

The vast majority of Americans diagnosed with the disease have Type 2 diabetes, a 
condition where insulin levels rise because the body fails to properly use it. Over 
time, the disease can cause malfunctions of the eyes, kidneys, nerves and heart. It's 
a main reason diabetes is the seventh-leading cause of death. 

Daily medications are a fact of life for the majority of patients with Type 1 diabetes, 
which used to be called juvenile diabetes. And it is creating billions in profit for 
drug companies that treat patients with Type 2 diabetes, as well. 

Leading diabetes drugs include several long-acting insulins. Once-weekly dosing is 
a huge opportunity, considering the daily needle-pricks required for many with 
both Type 1 and Type 2 diabetes. The best-seller is the Sanofi-Aventis drug Lantus, 
with expected revenue in 2009 of more than $4 billion. Yet the current drug to 
beat for long-lasting insulin may be from Novo-Nordisk, following recent data that 
showed a potential link to cancer risk among Lantus patients. 

The Potential Blockbusters: 

The tine up-and-comer, however, may be an inhalable biopharmaceutical insulin 
candidate from Mankind Corp. called Afresa. It's true that inhalable insulin has 
been underdevelopment for a long time that has had issues from the start. But 
MannKind shares recently posted a new 52-week high on Afresa study data. In a 
late-stage study, the Valencia, Calif.-based company said Afresa 's performance was 
shown to be comparable to injectable insulin. 

Expectations are rising that Mankind may soon secure a worldwide marketing and 
development partner for Alfresa, and that it likely will be an approved product by 
next spring. 

One possible partner might be Pfizer Inc., which started switching its Exubera 
iuhaled-insulin patients to MannKind's experimental product. The companies had 
been partners until Pfizer pulled Exubera from the market in 2007 after showing 
poor sales. 



httD.V/www. ne wsweek r.om/iH/9070? 8 /n« op/ 1 



>i<ui wall street: The Next^ckbuster Drugs | Newsweek Business l^wsweek.com Page 4 of 9 
3. BLOOD PRESSURE 

High blood pressure has become the norm for U.S. seniors; two-thirds of 
Americans age 60 or older have the condition. It's one of the most prevalent health 
plagues in the country, affecting men and women equally. 

Overall, 29 percent of adults age 18 or older have hypertension, including about 7 
percent of those who do not know they have the condition, according to the CDC. 
And 68 percent of those with the condition are taking medications to bring their 
BPs down. It's why spending on blood pressure meds is expected to top $21.4 
billion this year, accordiug to Thomson Reuters SD Pharma data. 

High blood pressure boosts the risk of heart attack, heart failure, stroke, and 
kidney disease. On the other hand, a common factor for those over 80, worldwide 
is normal or low blood pressure. 

The CDC's facts and figures do not include an additional 28 percent of the U.S. 
adult population that has pre-hypertension, a diagnoses that raises the chances of 
a person developing high blood pressure. 

The top-selling blood pressure drug is Novartis AG's Diovan. It is expected to post 
2009 sales of about $5.9 billion, according to Thomson Reuters data. But that 
number could fall dramatically when the pill's patent expires in 2012. The other 
big high-blood pressure treatment is Merck's drug Cozaar, with expected sales this 
year of about $4.4 billion. Its patent is set to expire in 2010. 

The Potential Blockbusters: 

.Although some concerns have been raised about its side effects, especially at high 
doses, the up-and-coming candidate to watch for high blood pressure is a 
biopharmaceutical from Gilead Sciences Inc. called Darusentan. 

In May, the company announced data from one of its two Phase III clinical trials of 
the candidate in patients with resistant hypertension. The drug showed significant 
improvements in both systolic and diastolic blood pressures vs. placebo. Provided 
the second Phase III study backs up the efficacy data and raises no new safety 
concerns, the drug could receive FDA approval as early as 2011. 

4. IMMUNE SYSTEM BOOSTERS/SUPRESSANTS 

One giant category of drugs that covers everything from vaccines to anti-rejection 
transplant drugs is called immunomodulators - drugs that either stimulate or 
suppress the body's immune system. 

A growing number of the immunomodulators in development are 
biopharmaceutical compounds, such as recombinant proteins and peptides, 
monoclonal antibodies, and vaccines that are being used to fight multiple types of 
conditions and diseases, including some types of cancer. 

The biggest dnigs in the category are designed at least partially as a treatment for 
arthritis, the leading cause of disability in the U.S, and one that affects more than 
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half of seniors. The CDC projects that the number of people age 65 or older who 
have arthritis or chronic joint symptoms will nearly double from 21.4 million in 
2001 to 41.4 million in 2030, as more people are living longer. 

About $207 billion is expected to be spent on immune system modulators in 
2009, a number that is expected to grow as the number of treatments that work 
with the body's immune system increases. 

One of the top immune system suppressants - and the top-selling 
immunomodulatoroverall - is the Abbott Laboratories Fnc. drug Humira, which 
works to shut down the body's inflammatory response for patients with arthritis 
and Crohn's disease. It was created using a particular type of human immune cell, 
which was a clone of a single parent cell. Popular competing drugs are Johnson & 
Johnson's Remicade, with expected sales of about $4.3 billion this year, and 
Amgen Inc. and Wyeth's Enbrel, with expected sales of about $3.4 billion. 

The Potential Blockbusters: 

Hie company to watch in immunomodulation is Array Biopharma Inc., which has 
five total MEK inhibitor candidates, and two thai could eventually find markets in 
both cancer and rheumatoid arthritis - ARRY-162 and ARRY-300. 

The furthest along of the two early candidates is ARRY-162, which is now in a 
Phase II trial in 200 patients with rheumatoid arthritis. So far, the candidate has 
been well tolerated and with no patients that discontinued the study due to an 
adverse event. The efficacy data iu that trial is expected to be released in 
September, an event that's a likely catalyst for the company's stock. 

Meanwhile, ARRY has a Phase I of ARRY-300 in rheumatoid arthritis under way, 
and in mid-July filed an investigational new drug application for ARRY-162, in 
anticipation of a Phase I cancer trial. 

5. ASTHMA 

One type of trauma that will get you in to see an emergency room doctor than most 
any other is an asthma attack. The reason is simple: breathing is the most critical 
necessity of life. 

The CDC says that about 7.3 percent of adults and 9.1 percent of children have 
asthma, the most common respiratory disease other than sinusitis. In 2004, the 
most recent CDC data available, some 4.2 percent of people in the U.S. had at least 
one asthma attack. The disease leads to nearly 2 million emergency room visits a 
year, and tens of thousands of missed days of school and work. It's the reason that 
about $20.2 billion will be spent on asthma medications in the U.S. this year, 
according to Thomson Reuters SD Pharma. 

The most commonly prescribed asthma drug is ClaxoSmithKUne's Advair, with 
projected sales of S7.4 billion. It works to boost lung function by opening 
restricted airways and tamping down inflammation. Another popular drug is 
Merck & Co's Singular, which helps to block genetic signals that trigger airway 
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constriction. 

The PotentiaJ Blockbusters: 

Perhaps the asthma dmg to watch is fluticasone furoate, developed by 
GlaxoSmithKline, in partnership with Theravance Inc. The two companies are 
working on a potential follow-up to Advair. 

Glaxo and Theravance announced results of three separate Phase lib studies of the 
candidate across a range of eight doses in more than i,8oo patients. Fluticasone 
furoate was effective in all but the lowest dose tested. Only the highest dose 
showed a statistically significant boost in a side effect typical of its type of inhaled 
steroid. A Phase III trial could start early next year. 

6. ANTIPSYCHOTICS 

Mental illnesses might not be top of mind when it comes to a list of top medical 
conditions. Yet one in four adults in the U.S. has a diagnosable mental disorder in 
a given year. About 6 percent have a serious mental illness, according to the 
National Institute of Mental Health. 

One of the top mental illnesses being treated with prescription drugs is bipolar 
disorder, a disease that can cause extreme mood swings, from infrequent manic 
highs to more common depressive lows. It is the leading mental health diagnosis 
that contributes to lost work productivity. The median age for the disease's onset is 
25 years, which is why many with bipolar disorder are on antipsychotic 
medications for most of their adult lives. 

Nearly S16.7 billion will be spent in the U.S. this year on medications to treat 
mental illnesses including bipolar disorder, according to Thomson Reuters SD 
Pharma. The top drug in the category is the bipolar disorder dmg Seroquel, made 
by AstraZeneca pic, with expected sales of $5.4 billion, accounting for about a 
third of all antipsychotic drug sales. The No. 2 drug in the category is Eli Lilly & 
Co.'s Zyprexa, for treating bipolar disorder and schizophrenia. Expected sales this 
year are S4.6 billion. 

There are other potential markets for drug manufacturers, and for some drugs 
already in the category. Mental illnesses that may require antipsychotics include 
major depressive disorder, anxiety disorder, panic disorder, and obsessive- 
compulsive disorder. Many affected by mental illness have multiple disorders and 
phobias. 

The Potential Blockbusters: 

There are a number of seemingly promising antipsychotic dmg candidates, but 
one at the top of the list is paliperidone palmitate for treating schizophrenia. The 
drug is being developed by Johnson & Johnson, with NanoCrystal technology from 
Elan Corp. 

The FDA in August 2008 asked for more data on the drug before allowing it on to 
the U.S. market. But it has not asked for additional trials. The drug was effective in 
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studies, with only 10 to 15 percent of patients relapsing, vs. 40 percent in the 
placebo group. 

The main advantage of paliperidone palmitate could be in its delivery. It's an 
injection taken once monthly, which in theory could make it much easier for 
schizophrenics to stay on their medications. 

7. HEARTBURN DRUGS 

Heartburn, or acid reflux, is veiy common, very uncomfortable, and a condition 
that can lead to more serious medical conditions if left untreated. It's why $13.1 
billion will be spent this year on a particular class of prescription acid reflux 
medications, according to Thomson Reuters SD Pharma data. 

Roughly 60 million adults report suffering from acid reflux at least once a month, 
according to the American College of Gastroenterology. And about 20 percent of ' 
those people develop a more serious condition associated with immune system 
weakness and a higher esophagus cancer risk. 

The most common prescription treatment for acid reflux is a class of drugs called 
proton pump inhibitors. They work to block the production of stomach acid that 
causes heartburn. Unlike fast-acting medications like over-the-counter antacids, 
proton pump inhibitors take much longer to work, but they offer long-lasting 
relief. 

The top prescription heartburn treatment by far is AztraZeneca pic's "purple pill" 
Nexium, with 2009 expected revenue of about $5.6 billion, and more than 40 
percent market share. The No. 2 is Takeda Pharmacetical's Prevacid, with roughly 
17 percent share, and projected revenue of about S2.2 billion. 

The Potential Blockbusters: 

There appear to be few significant near-term challengers on the horizon to the 
Nexium; the drug does not start coming off patent until 2015. But one company 
with a candidate that could be a contender is Orexo AB, with its OX17 proton 
pump inhibitor. It is being developed for the treatment of gastro esophageal reflux 
disease, the most serious form of acid reflux. It combines two substances in an 
effort to provide both long-lasting and fast-acting heartburn relief. 

In a Phase II trial last year, OXJ7 quickly proved effective in working fast and 
continuing to work to reduce stomach acid. Earlier this year, Orexo signed an 
exclusive development deal with a yet-to-be-named partner. The company expects 
to announce a licensing deal for its OX17 program this year, as well. 
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Posted By: MichaelX @ 08/05/2009 10:48:22 AM Repl y Report 

Can you say $$S$$$$$$$S$$$$SS$$$$$$s$S$$$$$$S? that's alJ that it's about. 
Whether you are cured, or better off, is no matter to these "drug lords" who operate with 
impunity. STOP USING PRESCRIPTION DRUGS! All you need is Marijuana, clean water, 
and a healthy diet to survive. Mast "ailments" are from the very "concoctions" that these ' 
immoral people foist upon the public. Put them out of business! Do not but their products 
unless they use qualified, known, useful! bio-metric substances. HEMP, yes, "pot" is the 
most usefull bio-mass on this planet, and we need to demand that it's various 
permutations be used. Big Pham, be warned, and be advised, use it , or lose it. 

Posted By: DannyHaszard @ 07/22/2009 6:31:54 PM Reply Report 

Eli Lilly Zyprexa can cause diabetes 

I took Zyprexa a powerful Lilly schizophrenic drug for 4 years it was prescribed to me off- 
label for post traumatic stress disorder was ineffective costly and gave me diabetes. 
This is a powerful drug that can damage a young person physiologically for life. 

Please take with caution and learn as much as you can about side effects. 

Eli Lilly's #i cash cow Zyprexa drug sale $38 billion dollars so far.has a ten times greater 

risk of causing type 2 diabetes over the non-user of Zyprexa. 

So.here we have a conflict of interest that this same company also Is a big profiteer of 

diabetes treatment. 

WARNING- 

If a drug (Zyprexa) lists anything about the pancreas among the side effects, it probably 
means it can cause diabetes. 

Unlike your liver, the pancreas does not regenerate itself. If it gets damaged, diabetes is 
very likely. 

Zyprexa is glorified Thorazine at ten times the price 
Daniel Haszard http://www.zvprexa-victims.com 
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Reply Report 



Great news that Eli Lilly is posting profits a Zyprexa damage claimant who got diabetes 
from it I know that Lilly can afford to pay me my settlement. 
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